


A Brain-Friendly Guide %%, 


Head First 









Load algebra 
straight into 
your brain ‘ 





be the judge 





) 


Use quadratic 
sanations to power 


Avoid 
your a getting ripped 
off by solving linear 
equations 
—4 = Ss 


Take a ride with algebra 
in the real world 





Bend your 
mind around 
dozens of puzzles 


& exercises 


Tracey Pilone, M.Ed 


O'REILLY’ g Dan Pilone 


9 


Head First Algebra 





Algebra/ Math 


What will you learn from this book? “The book is driven by 
excellent examples 
Tired of struggling just to get a C- in your college algebra class? Do from the world in 
you need to pass high school algebra to get your cell phone back? If aridabiclalt-inblel-sahr-mbai«-m 
you need to get algebra in your brain, then Head First Algebra is INfom i gchbetswlcy-nrabel=y 
designed for you. Full of engaging stories and practical, real-world from the same 
explanations, you'll learn everything from natural numbers to expo- station at the same 


nents to solving systems of equations and graphing polynomials. time moving in 
opposite directions.” 
Learn how to Master FOIL, faetorin —RHerbert Tracey, Instructor 
budget to buy ae 
game system by using 


» and th “ :; : 
to solve tough conse tie this a lie taeda of Mathematical Sciences, 


Loyola University 


i? 
x2 — 10x — 15 = 0 “Head First Algebra 


KillerX 2.0 Use algebra to taleulate interest, was an engaging read. 
Gaming System 


The brand new Kill depretiation, and insurance costs to see dW alm olole).qroblom-Wpt-nelnatar 
ve brand new KillerX 

rr miotanerwiee if you can afford to buy a new Car tic job of explaining 
soste_ inewiiaaas = 


Defensive Teams jy Wide Receivers 


Teas inning 








(eo) aXG{-) 0) n=m-Nelomn-A.ebar-) 
the reader step-by- 
step through solving 
problems.” 


—Shannon Stewart, 





Learn how inequalit 


can if together 3 


ies 





fantasy cotball team. Math Teacher 
“The way this book 
* * presents information 
Why does this book look so different? eran arr 
We think your time is too valuable to spend struggling with new and intriguing it 
concepts. Using the latest research in cognitive science and learn- helps in the learning 
ing theory to craft a multi-sensory learning experience, Head First process. It truly feels 


: 
Algebra uses a visually rich format designed for the way your brain like you re pave whe 
conversation with 

idel-a-hon ele) aa 


—Amanda Borcky 


works, nota text-heavy approach that puts you to sleep. 





US $29.99 CAN $29.99 


ISBN: 978-0-596-51486-0 . — O’REILLY* 
ree online eaition 
TT ain Safar eee." 7 

? | HII | lll Books Online. purchase of this book. www.oreilly.com 


80596°514860 Details on last page. www.headfirstlabs.com 
Download at WoweBook.Com 








Advance Praise for Head First Algebra 


“Head First Algebra is a clear, easy-to-understand method to learn a subject that many people find 
intimidating. Because of its somewhat irreverent attitude in presenting mathematical topics for beginners, 
this book inspires students to learn algebra at a depth they might have otherwise thought unachievable.” 


— Ariana Anderson 


“The way this book presents information is so conversational and intriguing it helps in the learning 
process. It truly feels like you’re having a conversation with the author.” 


— Amanda Borcky 


“What do punk bands need to know about algebra? How will quadratics make your listening experiences 
better? Crack the spine on this to find out in a fun and engaging way!” 


— Cary Collett 


“This has got to be the best book out there for learning basic algebra. It’s genuinely entertaining.” 


— Dawn Griffiths, author of “Head First Statistics” 
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— Karen Shaner 


“Head First Algebra is an engaging read. The book does a fantastic job of explaining concepts and taking 
the reader step-by-step through solving problems. The problems were challenging and applicable to 
everyday life.” 


— Shannon Stewart, Math Teacher 


“The book is driven by excellent examples from the world in which students live. No trains leaving 
from the same station at the same time moving in opposite directions. The authors anticipate well the 
questions that arise in students’ minds and answer them in a timely manner. A very readable look at the 
topics encountered in Algebra 1.” 


— Herbert Tracey, Instructor of Mathematical Sciences, Loyola University 


Download at WoweBook.Com 


Other related books from O'Reilly 
Statistics in a Nutshell 
Statistics Hacks™ 
Mind Hacks™ 
Mind Performance Hacks™ 


Your Brain: The Missing Manual 


Other books in O’Reilly’s Head First series 
Head First Java™ 
Head First Object-Oriented Analysis and Design (OOA&D) 
Head First HTML with CSS and XHTML 
Head First Design Patterns 
Head First Servlets and JSP 
Head First EJB 
Head First PMP 
Head First SQL 
Head First Software Development 
Head First JavaScript 
Head First Ajax 
Head First Physics 
Head First Statistics 
Head First Rails 
Head First Web Design 
Head First PHP & MySQL 


Download at WoweBook.Com 


Head First Algebra 


Wouldn't it be dreamy if Algebra 
was useful in the real world? It's 
O probably just a fantasy... 





Tracey Pilone M.Ed. 


Dan Pilone 


O’REILLY* 


Beijing * Cambridge * Kdin * Sebastopol + Taipei «+ Tokyo 


Download at WoweBook.Com 


Head First Algebra 
by ‘Tracey Pilone M.Ed. and Dan Pilone 


Copyright © 2009 O’Reilly Media, Inc. All rights reserved. 
Printed in the United States of America. 
Published by O’Reilly Media, Inc., 1005 Gravenstein Highway North, Sebastopol, CA 95472. 


O’Reilly Media books may be purchased for educational, business, or sales promotional use. Online editions are 
also available for most titles (safari.oreilly.com). For more information, contact our corporate/institutional sales 


department: (800) 998-9938 or corporate@oreilly.com. 


Series Creators: Kathy Sierra, Bert Bates 

Series Editor: Brett D. McLaughlin 

Editors: Brett D. McLaughlin, Louise Barr, Sanders Kleinfeld 
Design Editor: Louise Barr 

Cover Designers: Louise Barr, Steve Fehler 

Production Editor: Brittany Smith 

Indexer: Julie Hawks 


Page Viewers: Vinny and Nick 
Niek Pilone 


Printing History: 


December 2008: First Edition. ; yet 
Vinny Pilone 





The O’Reilly logo is a registered trademark of O’Reilly Media, Inc. The Head First series designations, 
Head First Algebra, and related trade dress are trademarks of O’Reilly Media, Inc. 


Many of the designations used by manufacturers and sellers to distinguish their products are claimed as 
trademarks. Where those designations appear in this book, and O’Reilly Media, Inc., was aware of a trademark 


claim, the designations have been printed in caps or initial caps. 


While every precaution has been taken in the preparation of this book, the publisher and the authors assume no 
responsibility for errors or omissions, or for damages resulting from the use of the information contained herein. 


No variables were harmed in the making of this book. 


RepKovets oe é taht 
SS This book uses RepKover, a durable and flexible lay-flat binding. 


ISBN: 978-0-596-5 1486-0 
[M] 


Download at WoweBook.Com 


This book is dedicated to my parents and teachers for believing that I could 
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co-author and husband for being unwavering 
in his support and open enough to share the 
Head First world with her. 


She 1s a freelance technical writer who 
supported mission planning and RF analysis 
software for the Navy, right before she decided 
to write a math book. 


She spent several years before becoming a 
writer working as a construction manager on 
large commercial construction sites around 
Washington DC. That’s where she actually 
used Algebra on a somewhat regular basis 
and saw first hand that math is what makes 
buildings stay up. 


She has a Civil Engineering degree from 
Virginia Tech, holds a Professional Engineer’s 
License, and received a Masters of Education 
from the University of Virginia. 


Dan Pilone is a Software Architect 
for Vangent, Inc. and has led software 


development teams for the Naval Research 
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and undergraduate Software Engineering at 
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last co-author. Sorry, Russ.) Working with 
Tracey on this book changed it from being 
work to being family fun time. Well, not 
entirely, but still an amazing experience. 


Dan’s degree is in Computer Science with a 
minor in Mathematics. For anyone who needs 
inspiration that Algebra can be fun, fire up a 
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What is algebra? 
Solving for unknowns... 


Do you ever wish you knew more than you know? Well, that’s 
what Algebra’s all about: making unknowns known. By the time you’re through 
this first chapter, you'll already have a handle on X being a lot more than a mark 
where treasure’s buried. 
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Imagine a world where there is more than ONE thing you 
don’t know. Not only are there problems with more than one unknown, but 
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equation! No worries, though... with the tools you'll learn in this chapter, you'll be 


solving more complicated expressions in no time at all. 
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rules for numeric operations 
Follow the rules 


Sometimes you just gotta follow the stinking rules. 

But when it comes to Algebra, rules are a good thing. They'll keep you from 
getting the wrong answer. In fact, lots of times, rules will help you solve for an 
unknown without a lot of extra work. Leave your dunce cap behind for this chapter 


because we'll be following a few handy rules all the way to a perfect score. 
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over again, without just repeating yourself. Exponents are a way of repeating 
multiplication. But there’s more to exponents, including some smaller-than-usual 
numbers (and we don’t just mean fractions). In this chapter, you'll brush up on bases, 
roots, and radicals. 
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graphing 
A picture’s worth 1,000 words 


Sometimes an equation might be hiding things. 

Ever looked at an equation and thought, “But what the heck does that mean?” In times 
like that, you just might need a visual representation of your equation. That’s where 
graphs come in. They let you /ook at an equation, instead of just reading it. You can 
see where important points are on the graph, like when you'll run out of money, or 
how long it will take you to save up for that new car. In fact, with graphs, you can make 
smart decisions with your equations. 
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inequalities 
Can’t quite get enough? 


Sometimes enough is enough... and sometimes it’s not. 
Have you ever thought, “I just need a little bit more’? But what if someone gave 
you more than just a bit more? Then you’d have more than you need... but life 
might still be pretty good. In this chapter, you'll see how Algebra lets you say, 
“Give me a little more... and then some!” With inequalities, you'll go beyond 


two values and allow yourself to get more, or less. 
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systems of equations 
Know what you don’t know 


You can graph equations with two unknowns, but can 
you actually solve them? You've been graphing all kinds of expressions 
lately: C and t, x, and y, and more. But what about actually solving equations with 
two variables? That’s going to take more than one equation. In fact, you need an 
equation for every unknown you’ve got. But what then? Well, a little substitution, 


a few lines, and an intersection are all you need to solve two-variable equations. 
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expanding binomials & factoring 
Breaking up is hard to do 


Sometimes being square is enough to give you fits. So far, 
we've dealt with variables like x and y. But what happens when x is squared in 

your equations? It’s time to find out—and you already have the tools to solve these 
problems! Remember the distributive rule? In this chapter, you’re going to learn how to 
use distribution and a special technique called FOIL to solve a new kind of equation: 


binomials. Get ready—it’s time to break down some really tough equations. 
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quadratic equations 
Getting out of line 


Not everything in life is linear. But just because an equation doesn’t 
graph as a straight line, doesn’t mean it’s unimportant. In fact, some of the most 
important unknowns you'll have to work with in life end up being non-linear. 
Sometimes you've got to deal with terms that have exponents greater than 1. In 
fact, some equations with squared terms graph as curves! How’s that work? Well, 


there’s only one way to find out... 
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functions 
Everyone has limits 


Some equations are like suburban neighborhoods... 
...they’re fenced in. 

You'll find that in the real world, many equations are limited. There are only certain 

values that an equation is good for. For instance, you can’t drive a car -5 miles or dig 

a hole 13 feet up. In those cases, you need to set boundaries on your equations. And 

when it comes to putting some limits on your equations, there’s nothing better than a 

function. A function? What the heck is that? Well, turn the page, and find out... through 


the lens of reality TV. 
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real-world algebra 


Solve the world’s problems 


The world’s got big problems... you’ve got big answers. 


Hundreds of pages of math, and what do you really have? A bunch of x’s and y's, 


a’s and b’s? Nope... you’ve got skills to solve for an unknown, even in the most 


difficult situations. So what’s that good for? Well, in this chapter, it’s all about the 


real world: you’re going to use your Algebra skills to solve some real problems. 


By the time you’re done, you'll have won friends, influenced people, and saved 
yourself a whole bucket full of cash. Interested? Let’s get started. 


Calculate interest from your interest rate and 
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pre-Algebra review 
Build on a solid foundation 


Do you ever feel like you can’t even get started? 

Algebra is great, but if you want to learn it, you have to have a good understanding of 
number rules. Suppose you're rolling along and realize that you forgot how to multiply 
integers, add fractions, or divide a decimal? Well, you’ve come to the right place! Here 


we’re going to cover all the pre-Algebra you need—fast. 
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how to use this book 


Who is this book for? 


If you can answer “yes” to all of these: 
@ Are you comfortable with numbers and pre-algebra? 


(2) Do you want to learn Algebra by learning the concepts 
and not just looking for practice problems? 


O Are you familiar with integers and fractions and ready to 
move onto solving for unknowns? 


this book is for you. 


Who should probably back away from this book? 


If you can answer “yes” to any of these: 


@ Are you someone who is really uncomfortable with 
fractions and decimals? 


6 Who is looking for Algebra 2 or Statistics information? 


© Are you someone who is obsessed with plugging things 
into a calculator? 


& 


ty 


this book is not for you. 


CNote from marketing: this book is 
for anyone with a éredit card.J 


XxX intro 
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If this is the case, pick up 
Head First Statisties. 


the intro 


We know what you're thinking 


“How can this be a serious Algebra book?” 
“What’s with all the graphics?” 


“Can I actually earn it this way?” 









We know what your brain is thinking ( ie. 


Your brain craves novelty. It’s always searching, scanning, wazting for something 
unusual. It was built that way, and it helps you stay alive. 


So what does your brain do with all the routine, ordinary, normal things you 
encounter? Everything it can to stop them from interfering with the brain’s 
real job—recording things that matter. It doesn’t bother saving the boring 
things; they never make it past the “this 1s obviously not important” filter. 


How does your brain know what’s important? Suppose you’re out for a 
day hike and a tiger jumps in front of you, what happens inside your head 
and body? 


Neurons fire. Emotions crank up. Chemicals surge. 


And that’s how your brain knows... 
Great. Only 520 
more dull, dry, 
boring pages. 


This must be important! Don’t forget it! 


But imagine you’re at home, or in a library. It’s a safe, warm, tiger-free zone. 
You're studying. Getting ready for an exam. Or trying to learn some tough ; borain Jn 
technical topic your boss thinks will take a week, ten days at the most. 


et ake 








Just one problem. Your brain’s trying to do you a big favor. It’s trying to saving 
make sure that this obviously non-important content doesn’t clutter up scarce ~ 
resources. Resources that are better spent storing the really dg things. Like 

tigers. Like the danger of fire. Like remembering where all of the 
warp zones are in Super Mario Brothers. And there’s no simple 
way to tell your brain, “Hey brain, thank you very much, but no 
matter how dull this book is, and how little ’m registering on the 
emotional Richter scale right now, I really do want you to keep this 
stuff around.” 





you are here > xxi 
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how to use this book 





We think of a ‘Head First’ reader a8 a learner. 





So what does it take to learn something? First, you have to getit, then make sure 
you don’t forgetit. It’s not about pushing facts into your head. Based on the latest 
research in cognitive science, neurobiology, and educational psychology, learning 













takes a lot more than text on a page. We know what turns your brain on. 






Some of the Head First learning principles: 








Make it visual. Images are far more memorable than words alone, and make learning 








much more effective (up to 89% improvement in recall and transfer studies). It also 
makes things more understandable. Put the words within or 

—— near the graphics they relate to, rather than on the bottom 
ey! ~ — onanother page, and learners will be up to twice as likely to solve 














problems related to the content. 









Usea conversational and personalized style. In recent studies, 
students performed up to 40% better on post-learning tests if the content 













Whaddup, girl? I can 
help you out... [ve got 
tons of friends, you 

know. Have you seen my 
Facebook page? 








spoke directly to the reader, using a first-person, conversational style rather 








than taking a formal tone. Tell stories instead of lecturing. Use casual language. 








Don't take yourself too seriously. Which would you pay more attention to: a 








stimulating dinner party companion, or a lecture? 







Get the learner to think more deeply. In other words, unless you actively flex your 
neurons, nothing much happens in your head. A reader has to be motivated, engaged, curious, and 










inspired to solve problems, draw conclusions, and generate new knowledge. And for that, you need 











challenges, exercises, and thought-provoking questions, and activities that involve both sides of the 






brain and multiple senses. 








Get—and keep—the reader’s attention. We've all had the “I really want to learn 
@& this but | can’t stay awake past page one” experience. Your brain pays attention to 








things that are out of the ordinary, interesting, strange, eye-catching, unexpected. 








Learning a new, tough, technical topic doesn’t have to be boring. Your brain will 






learn much more quickly if it’s not. 






Touch their emotions. We now know that 
your ability to remember something is largely 










dependent on its emotional content. You remember what you care 








about. You remember when you feel something. No, we're not talking 








heart-wrenching stories about a boy and his dog. We're talking emotions 








like surprise, curiosity, fun, “what the...2”, and the feeling of “I Rule!” that 








comes when you solve a puzzle, learn something everybody else thinks is 






hard, or realize you know something that “Vm more technical than thou” 






Bob from engineering doesn't. 
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Metacognition: thinking about thinking 


If you really want to learn, and you want to learn more quickly and more 









I wonder how 
I can trick my brain 
into remembering 
this stuff... 


deeply, pay attention to how you pay attention. Think about how you think. 
Learn how you learn. 


Most of us did not take courses on metacognition or learning theory when we 
were growing up. We were expected to learn, but rarely taught to learn. 


But we assume that if you’re holding this book, you really want to master 
Algebra. And you probably don’t want to spend a lot of time. If you want to 
use what you read in this book, you need to remember what you read. And for 
that, you’ve got to understand it. To get the most from this book, or any book 
or learning experience, take responsibility for your brain. Your brain on ¢éhis 
content. 


The trick is to get your brain to see the new material you’re learning as 
Really Important. Crucial to your well-being. As important as a tiger. 
Otherwise, you’re in for a constant battle, with your brain doing its best to 
keep the new content from sticking. 


So just how DO you get your brain to treat Algebra 
like it was a hungry tiger? 


There’s the slow, tedious way, or the faster, more effective way. The 
slow way is about sheer repetition. You obviously know that you ave able to learn 

and remember even the dullest of topics if you keep pounding the same thing into your 
brain. With enough repetition, your brain says, “This doesn’t feel important to him, but he 
keeps looking at the same thing over and over and over, so I suppose it must be.” 


The faster way 1s to do anything that increases brain activity, especially different 
types of brain activity. The things on the previous page are a big part of the solution, 
and they’re all things that have been proven to help your brain work in your favor. For 
example, studies show that putting words wthin the pictures they describe (as opposed to 
somewhere else in the page, like a caption or in the body text) causes your brain to try to 
makes sense of how the words and picture relate, and this causes more neurons to fire. 
More neurons firing = more chances for your brain to get that this is something worth 
paying attention to, and possibly recording. 


A conversational style helps because people tend to pay more attention when they 
perceive that they’re in a conversation, since they’re expected to follow along and hold up 
their end. The amazing thing is, your brain doesn’t necessarily cave that the “conversation” 
is between you and a book! On the other hand, if the writing style is formal and dry, your 
brain perceives it the same way you experience being lectured to while sitting in a roomful 
of passive attendees. No need to stay awake. 


But pictures and conversational style are just the beginning... 
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Here’s what WE did: 


We used pictures, because your brain is tuned for visuals, not text. As far as your x — 4 ox 3 
brain’s concerned, a picture really 7s worth a thousand words. And when text and x45 ae Ker 
pictures work together, we embedded the text i the pictures because your brain works All binomials 

more effectively when the text is wehin the thing the text refers to, as opposed to in a Pe. ee 
caption or buried in the text somewhere. 243 x—y 
We used redundancy, saying the same thing in different ways and with different media 

types, and multiple senses, to increase the chance that the content gets coded into more pee 


than one area of your brain. 


We used concepts and pictures in unexpected ways because your brain 1s tuned 
for novelty, and we used pictures and ideas with at least some emotional content, 





because your brain is tuned to pay attention to the biochemistry of emotions. 
That which causes you to feel something is more likely to be remembered, even 
if that feeling is nothing more than a little humor, surprise, or interest. 





We used a personalized, conversational style, because your brain is tuned to pay more 








friends? No problem... 


attention when it believes you’re in a conversation than if it thinks you’re passively listening 
T'll get those mails right out. 


to a presentation. Your brain does this even when youre reading. <i 


We included more than 80 activities, because your brain is tuned to learn and 
remember more when you do things than when you vead about things. Andwe made ¢ 'S 
the exercises challenging-yet-do-able, because that’s what most people prefer. 5 A 


We used multiple learning styles, because _you might prefer step-by-step procedures, 
while someone else wants to understand the big picture first, and someone else just wants 
to see an example. But regardless of your own learning preference, everyone benefits from 
seeing the same content represented in multiple ways. « < 


We include content for both sides of your brain, because the more of your brain you 
engage, the more likely you are to learn and remember, and the longer you can stay 
focused. Since working one side of the brain often means giving the other side a 

chance to rest, you can be more productive at learning for a longer period of time. =? 
And we included stories and exercises that present more than one point of © 
view, because your brain is tuned to learn more deeply when it’s forced to make 
evaluations and judgments. 


We included challenges, with exercises, and by asking questions that don’t always have 

a straight answer, because your brain is tuned to learn and remember when it has to work at 
something. Think about it—you can’t get your body in shape just by watching people at the 
gym. But we did our best to make sure that when you’re working hard, it’s on the right things. 
That you’re not spending one extra dendrite processing a hard-to-understand example, 
or parsing difficult, jargon-laden, or overly terse text. 


We used people. In stories, examples, pictures, etc., because, well, because you’re a person. 
And your brain pays more attention to people than it does to things. 
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Cut this out and stick it 


on Your retrigerator. 





Slow down. The more you understand, the 
less you have to memorize. 

Don’t just read. Stop and think. When the book asks 
you a question, don’t just skip to the answer. Imagine 
that someone really zs asking the question. The 

more deeply you force your brain to think, the better 
chance you have of learning and remembering. 


Do the exercises. Write your own notes. 


We put them in, but if we did them for you, that 
would be like having someone else do your workouts 
for you. And don’t just look at the exercises. Use a 
pencil. There’s plenty of evidence that physical 
activity ze#z/e learning can increase the learning. 


Read the “There are No Dumb Questions” 
That means all of them. They’re not optional 
sidebars, they’re part of the core content! 
Don’t skip them. 


Make this the last thing you read before bed. 


Or at least the last challenging thing. 

Part of the learning (especially the transfer to 
long-term memory) happens ger you put the book 
down. Your brain needs time on its own, to do more 
processing. If you put in something new during that 
processing time, some of what you just learned will 
be lost. 


Talk about it. Out loud. 


Speaking activates a different part of the brain. If 
youre trying to understand something, or increase 
your chance of remembering it later, say it out loud. 
Better still, try to explain it out loud to someone else. 
You'll learn more quickly, and you might uncover 
ideas you hadn’t known were there when you were 
reading about it. 


O 


@ 


the intro 


Here’s what YOU can do to bend 
your brain into submission 


So, we did our part. The rest is up to you. These tips are a 
starting point; listen to your brain and figure out what works 
for you and what doesn’t. Try new things. 


Drink water. Lots of it. 


Your brain works best in a nice bath of fluid. 
Dehydration (which can happen before you ever 
feel thirsty) decreases cognitive function. 


Listen to your brain. 


Pay attention to whether your brain is getting 
overloaded. If you find yourself starting to skim 
the surface or forget what you Just read, it’s tume 
for a break. Once you go past a certain point, you 
won't learn faster by trying to shove more in, and 
you might even hurt the process. 


Feel something. 


Your brain needs to know that this matters. Get 
involved with the stories. Make up your own 
captions for the photos. Groaning over a bad joke 
is stall better than feeling nothing at all. 


Use Algebra in the Real World. 


There’s only one way to get comfortable with 
Algebra: do it a lot. Now, that doesn’t mean you 
need to lock yourself in a room with graph paper 
and pencils. But it does mean you should think 
about how Algebra fits in to the world around you. 
What problem are you trying to solve? What are 
the knowns and unknowns? How do they relate 

to each other? The point is that you won’t really 
get Algebra if you just read about it—you need 

to do it. We’re going to give you a lot of practice: 
every chapter is full of exercises and asks questions 
that you need to think about. Don’t just skip over 
them—most of the learning actually happens when 
you work on the exercises. Don’t be afraid to peek 
at the solutions if you get stuck, but at least give the 
problems a try first. 
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Read Me 


This is a learning experience, not a reference book. We deliberately stripped out everything 
that might get in the way of learning whatever it is we’re working on at that point in the 
book. And the first time through, you need to begin at the beginning because the book 
makes assumptions about what you've already seen and learned. 


We start off by teaching how to solve algebraic equations. 


Believe it or not, even if you’ve never taken Algebra, you can jump right in and start solving 
for unknowns. You'll also learn about the deeper motivations for the study of Algebra, and 
why you should learn it in the first place. 


Calculators are only for arithmetic you can’t solve easily, NOT for 
solving equations. 


There are lots of calculators out there that can do lots of things, including solving equations 
and plotting graphs. Since the entire purpose of working through this book is to learn how 
to solve and graph equations yourself, using a calculator to do it would just cheat you out of 
your learning experience! 


If you’re rusty on some pre-Algebra topics, we can help. 


You need to be able to work with fractions, decimals, integers, and exponents to get into 
Algebra and solve for unknowns. The good news is that if you have a decent understanding 
of these concepts, but you can’t quite remember how to get a common denominator, there 
is a big appendix at the back to help you. It’s quick and dirty, but it can bring you back up to 
speed on how to work with those tricky pre-Algebra topics. 
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Algebra is not just about getting the right “answer.” 


There’s a lot in this book about the process: writing out the steps, understanding what’s 
going on at each point, and really understanding what you’re doing. We have taken a 
lot of time to make sure that each exercise is well explained, and there’s a reason for 
it—youre trying to learn here, right? So don’t just skip to the x = 5 and see if you’re 
right, because that’s only a piece of the answer. 


The activities are NOT optional. 


The exercises and activities are not add-ons; they’re part of the core content of the book. 
Some of them are to help with memory, some are for understanding, and some will help 
you apply what you’ve learned. Don’t skip the exercises. 


The redundancy is intentional and important. 


One distinct difference in a Head First book is that we want you to really get it. And 
once you finish the book, we want you to remember what you’ve learned. Most reference 
books don’t have retention and recall as a goal, but this book is about learning, so you'll 
see some of the same concepts come up more than once. 


Everyone can learn Algebra, even if you think you’re not a “math 
person.” 


You need to leave all of this “I’m not a math person” stuff behind. Everybody is a “math 
person,” you just might not know it yet. You actually do a lot of Algebra every day, it’s 
just not labelled that way. If you haven’t yet found your inner “math person,” or you’re 
rusty, you’ve come to the right place. You’re going to finish the book knowing how to 
handle Algebra. Now get going and solve some equations! 
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the review team 


The technical review team 


Ariana Anderson 


Amanda Boreky 





Shannon Stewart 


Technical Reviewers: 


Ariana Anderson is a PhD Candidate in Statistics at 
UCLA and a member of the Collegium of University 
Teaching Fellows. Her research involves the integration 
of neuro-imaging and statistics to create “mind 
reading” machines. 


Amanda Borcky is a student at Virginia Tech in 
Blacksburg, VA. She is studying Dietetics and hopes to 
practice Clinical Dieteics in the future. This is her first 
time technically reviewing a book. 


Dawn Griffiths is the author of Head First Statistics. 
When Dawn’s not working on Head First books, you'll 
find her honing her Tai Chi skills, making bobbin lace, 
or spending time with her lovely husband David. 


Karen Shaner is a grad student at Emerson College 
in Boston pursuing a MA in Publishing and Writing in 
addition to working at O’Reilly. In the little free time 
she has, she enjoys contra dancing, spending time with 
friends, singing with the Praise Band, and enjoying all 
that Boston has to offer. 
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Dawn Griffiths 








Karen Shaner 






Herbert Trace 





Cary Collett 


Shannon Stewart is a former fifth grade math 
teacher. During her five years in Mesquite, she was 
grade level chair as well as recognized in Who’s Who 
of American Teachers. She graduated from Hardin 
Simmons with a BS in elementary education and then 
went on to graduate cum laude from A&M Commerce 
with a Masters in Education. She currently resides in 
Texas with her husband Les and her son Nathan. 


Herbert Tracey received his BS from Towson 
University and a MS from The Johns Hopkins 
University. Currently, he is an instructor of 
Mathematical Sciences at Loyola University Maryland 
and served as Department Chair of Mathematics 
(retired) at Hereford High School. 


Cary Collett majored in physics and astrophysics in 
college and grad school, respectively, so needless to say, 
he learned a great deal of mathematics and will tell 
anyone that algebra is the hardest subject in the field. 
He current works in IT and lives in central Ohio. 
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Satari® Books Online 


S af a ri When you see a Safari® icon on the cover of your favorite 
Shee online” technology book that means the book is available online 
through the O’Reilly Network Safari Bookshelf. 


Safari offers a solution that’s better than e-books. It’s a virtual library that lets you 
easily search thousands of top tech books, cut and paste code samples, download 
chapters, and find quick answers when you need the most accurate, current 
information. Try it for free athttp://safari.oreilly.com. 
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1 what is algebra? 
* 


y Solving for unknowns... * 


This is so sweet, but how can 
we possibly afford it? 











I don't know... but it can't 
be that much, right? The 
salesman said that twelve times 
its price was $22,400, and that 
didn't seem too much at the time. 








Do you ever wish you knew more than know? well, that’s 
what Algebra’s all about: making unknowns known. By the time you’re 


through this first chapter, you'll already have a handle on X being a lot more 
than a mark where treasure’s buried. You’ll get a handle on equations, 
keeping both sides of an equation balanced, and why solving for unknowns 
really isn’t that big of a deal. What are you waiting for? Go on and get started! 


this is a new chapter 
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algebra is everywhere 


It all started with a big gaming sale 


Jo has been watching the game system battles for a while now and 

has finally decided on the one she wants. Her favorite system’s on 

sale this week, and she’s ready to buy. But can she afford it? That’s 

where she needs a little help from you. 
This is the system Jo's been 
waiting for — it’s on ay 
but will the system and a few 
aCCessories Cost too much? 





KillerX 2.0 
Gaming System 


The brand new KillerX 
2.0 includes full circle 
entertainment value. 
One game controller 
included. (KILLX-112) 





I can handle $199 - but is 
that really how much the 








ae > 
system's going to cost? special special 
VETIITS WeTITTS 
Oo Gaming Headset Bia : 
( a Headset with microphone, ig bago 
‘ i ideal for online gaming Games 


(HS-AL1-867) 





A variety of games for 
the KillerX system 
(HD-ISH-5309) 








right game system 


Come al ong. 








nm 
de 
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What does a system really cost? 


When you buy things—especially expensive electronic things—there are lots of pieces 
that add into the price besides just the number on a sales flyer: sales tax, an extended 
warranty, shipping and handling, etc. So what will a KillerX system really cost? 








There’s tax on the system... 


The base price of the system is $199. After that, 
we need to think about taxes, which are 5%. Let’s 
figure out how much Jo’ll have to pay in taxes: 


Figure it out 

ae : out. Remember this, 
"hb 00 youll need it again in a inte 
muir \ 


$199 x0.05=$ [I~ 
the original #199 


: " _ ree sdieads we pulled froy, the ad. 
the appendix and brush up! 





The brand new Kille 
2.0 includes full circle 
entertainment value. 
game controller includ 
(KILLX-112) 






Here's 


and the extended warranty, too. 


Jo’s about to spend $199 on a game machine, and she wants to 
purchase an extended warranty plan for an additional $20. Let’s 
put that in the price, too. What price will Jo need to pay? 


x The original price of the tonsole-.- 


$ 199.00 the sales tax you figured 


a a out earlier... 
anty: 


and the extended ware 


+$20.00 =~ 
Find the == Add all these up and You get 
total oost > Len bev mith So nc end 


spend to buy the console. 
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solving for unknowns 








This is stupid. I thought we were 
supposed to be learning Algebra! 


Figuring out the total wasn’t just addition! It 
was solving for an unknown—and that’s 
Algebra. In this case the unknown was how 
much everything was going to cost. 


$ 199.00 x The original price 


..the sales tax we Figured 


of the console-- 


the extended warranty: 


and 





e 

This was the unknown — you ae 2 

other information. You knew aor 

vice that Jo was 4In9 ; 
caer walk out with that tonsole, an 


that was the unknown, 


Algebra is about solving for unknowns 


Algebra is about finding the missing information that you’re looking for 
by using the information you already have. The unknown could be the cost of 
a car loan, the quantity of soda you need, or how high you can throw a water 
balloon. If you don’t know it, it’s an unknown. 


All the other things that you’ll learn in Algebra are just ways to jiggle things 
around to help you find a piece of missing information. There are rules about 
when you can multiply things or when you can bump something from one side 
of an equals sign to another, but at the end of the day, they’re all just tricks to 
help you find that missing piece of information you’re looking for. 
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Jo’s got more unknowns 


So Jo knows how much it will take to buy an awesome gaming 
system, including an extended warranty. But she still doesn’t have any 
games... or another controller... or a headset. 


Jo started with $315.27 in her bank account. Now that she’s paid for 
the console, how much can Jo spend on accessories? Let’s start by 
writing this out in words: 


L—— writing a problem out verbally 


ted. 
Account _ Costof -_ Money for is a great pe yess ore 
balance console accessories You don't nee? ace, 
numbers at this stag 


We know how much the console costs ($228.95), and we know how 
much Jo has in her account ($315.27). Now just fill in the blanks, and 
we can figure out Jo’s accessory budget: 


With money te spend 
on accessories 


$315.27 — $228.95 = 


Here’s what's j ll i 

Jo’s diac . Here's the cost of the ea 
console You Figured 
out earlier. 
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X means unknown 








Console Pricing Up Close 


Let’s take a closer look at what we just did. First, we’re going to swap out the 
unknown box for the standard Algebra version of an unknown—an x 


X =money for accessories 


ae tek — $228.95 = $86.32 =x 


Here’s what’s inh ( ) 
account. “= Here's the tost 
of the console you 


Figured out earlier. 


and here’s our 
unknown. 


$86.32 =x <———. 


Welll talk move about 
We can also turn this around to be: these aroun 
do ay We ane 
thing tor now 
X= $86.32 ——— regardless ok 
right or left 
Understanding a problem and finding the unknown, x, is working with 


Algebra. Using tricks like writing the problem out with words and flipping 
things around are just ways to make finding that unknown possible. 


Cool! $86.32 is still 
plenty to spend on 
games and a headset. 


Solving for 
any unknown 


is Algebra. 
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X marks the set unknown 


Stands in for 


Your unknown. 
Could be how much ac 


Something weighs, how man 


dogs You need to pull 3 
sleigh, or how much it will 
Cost to Sew . = 


arm back eae brother’s 





one 


Lor js 
Can stand P eee Bt aoe Rs Called the variable 


_ 
number 7 : a 
ok numbers: in the equation 


x is just a user-friendly stand-in for the unknown box we used earlier. x is easier to write 
and it’s what you’re looking for when you solve an equation. The unknown in any given 
situation is called a variable. In the real world, problems present themselves every day; 
translating them into mathematical equations allows you to solve them. 


thereyareno 
Dumb Questions 


Q: Will the unknown always be x? 


A: Nope. As you progress with math, you'll see x, y, and z pretty 
often. You can use any letter that you want, though. 


Q: Back on page 6, how come you could just flip that equation? 


A: All we really did was switch the same equation around, called 

manipulating the equation. There are rules about exactly how you 

can work with equations without changing any values, and we'll learn 
lots more about them in the rest of this book. 
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equations are math sentences 


Equations are math sentences 


Equations, like the one you used earlier to figure out how much Jo could 
spend on accessories, are just math sentences. ‘They’re a mathematical 


way of saying something. So when we talked about Jo’s account balance, 
we were actually using an equation: 














for 
f Money Tor 

nt Cost O 2 ae 
inne - console caer 
~ The atcount minus how much equals how much 
balance--- we spend onthe  “€ have lef for 


tonsole... accessories. 


These math sentences Say 


Lhe same hing, They ¥e wo 
different Forms of the 
Our equation means “The account balance minus how much we spend on the = ma 
console equals how much we have left for accessories.” So, that means that the 


account balance must equal the cost of the console plus the money for accessories. 
If we write that sentence as an equation it looks like this: 


Account _ Cost of Money for 
balance console accessories 
js Rees 
The aCCount equals how Plu mué 
balance... n met be spend we have left 


ah the tonsol en for accessories. Equations can 


he rearranged 
Both sentences mean the same thing; they’re just phrased differently. 


Over the next few pages, you'll learn how to rearrange math 


sentences and make sure that you don’t change any values. like sentences $ 
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Math Magnets 


Below are some word problems and magnets. Your job is to make equations 
from the magnets that say the same thing as the word problems. Once you 
have the equation put together, circle the unknown—the value you need to 
figure out. Then, write out your equation in a complete phrase. 





1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription 
to the Platinum membership, which is $12 per person. How much will it cost 
them in total? 


: the 
Then circle 
s cvamet, that Yo" 
sumed eta eta bean bye x LV usel ad pitas van ee yeeweysenyeua es heneees ato figure out 


Now write your «dU NESBOST PeKe WERRDERSHIP TA ES on) cnn ce ph ah ne oak 
equation in words: 


2. Jo started playing a hot new game, but she only has two hours before she 
has to go out. She spent 20 minutes on level 1, 37 minutes on level 2, and 41 This 
minutes on level 3. How much time does she have left to play level 4? 


time ‘ou buil 
ee whole mi iy : ae 


Now write your 
equation in words: 


Time until 
Jo leaves 










Cost per 
membership 














money for 
all the 
memberships 


Jo and her 
br Others 
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Math Magnets Solutions 


Below are some word problems and magnets. Your job is to make equations 
from the magnets that say the same thing as the word problems. Once you 
have the equation put together, circle the unknown—the value you need to 
figure out. Then, write out your equation in a complete phrase. 





1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription 
to the Platinum membership, which is $12 per person. How much will it cost 
them in total? 


we need te 






pK |n this, problem 





Mm ne 
Cone Jo and her pts fed golve or how much money 
membership brothers eae Jo has to spend 
ips 
Now write your __ The Cost, per membership times the number of Jo and her brothers equals 


equation in words: 


2. Jo started playing a hot new game, but she only has two hours before she 
has to go out. She spent 20 minutes on level 1, 37 minutes on level 2, and 41 


minutes on level 3. How much time does she have left for level 4? we need 
teres wn 
ko Kigure 
Time for Time until 
level 4 Jo leaves 





Now write your The time for level | plus the time for level 2 plus the time for level 3. 
equation in words: 


RAN 
PQWER 
You could also have made an equation that says, “Time until Jo leaves 


minus the time for level 1 minus the time for level 2 minus the time for 
level 3 equals the time for level 4.” Would that be any better? Why? 






10 Chapter 1 


Download at WoweBook.Com 


what is algebra? 


Be oe eee Oe es, ee ee a er ee ee ee eee ee 1 
EQUATION CONSTRUCTION a 
Z 


Now you build the equations! Take the “math sentence” you wrote and translate it into an 
| equation. Use the numbers that were given and x for the unknown. 


| 1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription 
to the Platinum membership, which is $12 per person. How much will it cost 
| them in total? 









l mon I 
Cost per Jo and h = ey for 
wince | | “beseeter JF] ait | 
ips 
aay these out We need a variable to as in 
rom the problem es for what were trying to tind, 
ement. 3 - x —— so we'll use x- | 
This means ) The same thing for this 
| multiplication, problem — you Fill in the | 
a % tor the unknown. 


2. Jo started playing a game that just came out, but she only has two hours 
before she has to go out. She spent 20 minutes on level 1, 37 minutes on level 2, 
and 41 minutes on level 3. How much time does she have left for level 4? 


Wateh this one! 


Hours or minutes? | 


Time until 


Jo leaves 





| + = | 

ME pena siter Secale beet eh tea tiak terete sales Poaee tate casa ne teats 
Use this line to combine the numbers 

| and write a shorter equation. 

| | 

ey ok Pes ee ee a ke Po ee ee a 
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simplify, simplify 
Di ee ee A Ae es ee ee ek am 


EQUATION CONSTRUCTION SOLUTION é. 


Now you can build the equations! Take the “math sentence” you wrote and translate it into an “ 
Algebraic equation. Use the numbers that were given and x for the unknown. 







| 1. Jo and her 3 brothers are thinking about upgrading their LIVE subscription 
to the Platinum membership, which ig $12)oer person. How much will it cost 
| them in total? 














| Cost Pee x Jo and her peas for I 
| peseestce brothers tiedBerete | 
Ss ips 
| Here's the yee | 
r : to be solvea- 
#12 - 4 2 x locking 
| 3, brothers + Jo = + | 


2. Jo started playing a game that just came out - but she only has two hours 
before she has to go out. She spent 20 minutes on level 1, 37 minutes on level 2, 


We ne i 
and 41 minutes on level 3. How much time does she have left for level 4? ed minutes here | 


since the time for the 


levels is in minutes. 






Time until 
Jo leaves 





ee ae sete toy te a Pa neta Le mee eo ee | 
| I 
— Youve sim tified the equation 
jaca vy mee 7 easier to solve. Os 98 x es te 


| here — that wi 
| 


a a a a a a 
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Now SOLVE for the unknown 


Jo is trying to decide if it’s worth it for her to buy a LIVE subscription. She has 
10 games, and 7 of them don’t have any online play. How many does she have 
that can be played online? Does it make sense for her to buy the subscription? 


COWS Cone (OWS COME 


WDM ne Z WD wae Z y We're going to jump right 
+ . into the sah, ithenct 
"4 the sentence. |f it helps, 


you Can write it out, but 
just thinking about the 
ie 10. games-- equation in words first 
should be enough to help. 





Some unknown 
number of games... 


What we really care about here is what X is—the unknown number of games. 
We don’t really care about the seven games on the left side of the equation. In 
fact, we can get rid of that seven as long as we make sure we do the same 
thing to both sides of the equation. 


An equals sign means that both sides are the same. So if we take 7 away 
from one side, we have to do the same thing to the other side of the 
equation:. 


Te: 


Alea sb eats 





( pnd that leaves i" 
sth three games ere 
Some unknown ; ex 





number of Sames... 


subtracting ep 
of the equation 


So here’s what we have left: 


i |: 


Oo yy = 3 






Hmm, I can only play 3 
games online. I'm not going 
to get that subscription 
just yet. 


\ 
Ce 
3 / 
= ; 
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How does that help! I'm not going to 
spend the rest of my life drawing pictures 
of all my problems. 


You don’t need pictures to do algebra. 
What you need is a way to use the operations that you already know 


(addition, subtraction, multiplication, and division) to solve equations. 


The tricky part? You must preserve the equality. Equality means the 
same. When you do something to one side of the equation, you have 
to do the same thing to the other side of the equation. 


Here’s another way to look at Jo’s online problem without pictures: 


The answer is going to be 
% = something, so we need 


I 
to get vid of the seven i 


x+7210 GE the initial equation for 
Jo's Qames. 






.. here we subbratt 


7 from both sides to ———~=» x ts lo-7 


preserve the equality i - 
ae ‘i ae And lO - Tis 3, whith 1s al 


Singe 7 — Visa Sa 1 we 
: » we end d to know 
with just X on this side... ‘i ae eRe 


When you get x all by itself, you’re isolating the variable. That’s 
the most important part of solving an equation. Isolating the variable 
means you've gotten the variable by itself on the left side of the 
equation and everything else stacked up over on the right. If you can 
isolate a variable, then you’ve solved the equation—the answer just 
pops out, like X =3. 


Knowing that your goal is to isolate the variable means that you know 
which numbers to move away from the left side. Since you’re trying to 
get x alone, that means that you move the seven, not the 10! 
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So which operation do you use when? 


The opposite of addition is subtraction. So, if some number is being added on 
one side of the equation, and you want to move that number to the other side, you 
can subtract that number from both sides. The math term that describes opposite 
operations is inverse operations. 


The basic math operations are addition, subtraction, multiplication, and division. 
An inverse operation is the operation that undoes an operation (like addition undoes 
subtraction). Inverse operations let you shift a number or variable from one side of 
the equation to the other by “undoing” that number on one side of an equation. 


This is why when you needed 

to get vid of the seven (an _ = 
added number), you subtracted 

seven from both ade 


The inverse operation for 


addition is subtraction. 
When you want to solve an equation: 


e Look at the equation and figure out what numbers to move. 
Using Jo’s equation, we had to get rid of the 7. That’s because we’re 
trying to isolate the variable, the x. 


O Figure out which operation to use. 
You need to use the inverse operation for the number to remove it. For a 
subtracted number, add. For a divided number, multiply, and so on. 


O Preserve equality. 


Whatever you decide to do to one side of the equation, you must do to 
the other. That keeps the equation the same. 


io BRAIN 

POWER 
There are other inverse operations out there. Can 

you think of other operation pairs that work? 
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inverse operations 





Head First: And welcome back to Algebra at Night. 
Tonight’s guest... or guests... are inverse operations. So do 
you guys always travel in pairs? 


Inverse Ops: Well, yes. We’re not inverse operations 
unless both of us are here. We’re about maintaining 
balance. 


Head First: Ah, right. So addition is always paired with 
subtraction, multiplication always with division.. why is 
that? 


Inverse Ops: Opposites attract, and multiplication is the 
opposite of division. 


Head First: Same with addition and subtraction, right? 


Inverse Ops: Yeah, and we’re all opposites because we 
all undo each other. 


Head First: When you say undo each other, do you 
mean if there’s a multiplication, than division can make it 
go away? 


Inverse Ops: Well, not really go away—remember, our 
job is to keep everything in balance. We just move things 
around. If you have a multiplication you need to move, 
you can undo that multiplication with a division—on both 
sides of the equation. 


oe POINTS 


from your problem to setup an 


equation with the unknown. variable. 





= Algebra is about solving for = = The unknown is called a = You can isolate the variable by 
unknowns. variable. using inverse operations to 
= You use other information = =Inorder to solve for a variable manipulate the equation: 


(like x), youneed toisolatethe # 


Inverse Operations Exposed 
This week’s interview: 
Just who are the inverse operations? 


Head First: Ok, I think I get it—you can move numbers 
from one side of the equation to the other. So you’re 
pretty useful for getting a variable by itself? 


Inverse Ops: Absolutely! That’s what we do best. A 
little addition here or multiplication there, and you can get 
almost any variable by itself. 


Head First: Very cool! So any last words before we sign 
off? 


Inverse Ops: Just a couple thoughts. You have to be 
careful that you keep the equation balanced. There are 
also a few more pairs of us floating around out there, but 
they'll turn up later. 


Head First: Well, it’s been great talking to you—all of 
you—and I appreciate you coming by. Until next time, 
may your multiplications always have a division, and your 
additions subtract. 


Inverse operations help 
you isolate the variable. 


Addition is the inverse of 
subtraction, and multiplication 
is the inverse of division. 
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Below are equations that have unknowns and numbers on both 
sides of the equations. Use inverse operations to isolate the 


harpen your pencil 
er 
variable and solve the equation. 


. SLymes- . . ; 
This means 7 . , 
aa engraenet inverse operations 
Bex = 125 ‘ 
Make sure you apply 


5 “x= 125 bet est adie: 









done! 





= > ed dnd you're 










This also 


means ime 











Why are there dots 
and parentheses for 

multiplication? What's wrong 
with x? 










Each of these mean 


multiplication. 2 






Whoever thought it was a good idea to use x to mean zestnipledor 5 “x= 125 
the typical unknown apparently didn’t mind the 

confusion it might cause with the multiplication sign, x. Parentheses: ( ) = 
However, lots of other people did. ) x) = 12 a) 


They gave up on using x for multiplication and came Nothing at all: 5 y= 1 ? 5 


up on with a few easier to read options: 
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solve these 


harpen your pencil 
i a si 







Below are equations that have unknowns and numbers on both 
sides of the equations. Your job was to use inverse operations to 
isolate the variable and solve the equation. 











Don’t fon b 
get to Cheek % multiplied y? 
ies bi Just Plug Your ON "a ne snes a inverse ipevation? 
nswer back in for x and — 125 what's the "9 


make sure it w 


ovis: Make sure you apply 
1 95-4 eg <= it to both sides... 


PROS =e 





you ve done! 









This one was a little trieky. 


Here you need to There’s a “— |” 

get that 13 over here, but you 
at tol the way, so use the mh, Figure out “A7 — |I,” thee 
inverse operation and add 13 no need to move it anywhere. 


to both sides. x¥°6=47-11 


42 I 1 b 
hie casa uae The real problem j 7 i a 


& 
which You Can get rid of Check this one to... 


by dividing both sides by &. byb Hf - Il 


Rimost done for = 3 And check this one, just to 


Bed Sade eters sale es that fraction 1 is Ede Bice heat oalaseodiei's lia ae oie: 
right. 
5/3 %3=9% 







And a change for division too... — | 125/x=5 


The division sign you’re used to seeing was 


tossed away, too. Instead you'll see things 1? 129 Te. These are just two other 


like this: Stacked: X = =5 Se ways to to show division. 
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. Gg 


+ + 
WHE DOES wHarT? 





Match each example of something you’ve learned in this chapter to it’s 
name. Be careful, some of the names are used twice! 


Operation example Operation name 


inverse operation for addition a 
Division 


Opposite of multiplication 


Equation 


Manipulating the equation 


Variable 


Subtraction 
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who’s who? 


+ * * + 
Wu BeOES WHAT? 
$a. uTiaw 





Operation example Operation name 


inverse operation for addition _ 
Division 


Opposite of multiplication 


Equation 


Manipulating the equation 


Variable 


Subtraction 
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* Jo’s going to 
Jo is ready to accessorize! bic eaneat 


games on special. 













Jo figured out that she had $86.32 
left in her account for accessories. 
She decided that she wants to get 
more games and not worry about the 
headset just yet. 


Jo did some quick Algebra to figure 
out how many game she can buy: 















After I figured out I 
could buy 2 games, I went to buy them 
and it came up to more than $86.32! 
I must have done something wrong - I 
thought I had enough money! 








49x = 86.52 
gx! 49 = 36.32/49 ie hints she a, 


wast enough ar 


x= 2.0 oy< games: 





harpen our pencil 
wr y 
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always check your work 


G harpen your pencil 
N IN Solution Fix Jo's problem! Figure out where Jo went wrong. 






Cecking-your work... 
Checking 


You'll find as you go forward with Algebra that the problems 
become more complicated, and it’s pretty easy to make a mistake. 
Jo didn’t divide correctly, and that got her! Checking your work 
doesn’t mean just looking over what you did. It also means using a 
specific technique called substitution. 


Substitution uses your solution in the original equation 


Substitution means putting something in for something else. A substitute 
teacher is in the place of a regular teacher, right? To check your work, you 
substitute in the answer you found for the variable in the original equation. 


Substitution is a process that can be used not just for checking your work, 
but for other things too. When we get to more complex equations, and 
equations with more than one variable, you'll want to use substitution as 
part of the solving process. 


Checking Jo’s work: 
44x = 86.32 
49(2.007) = 6.322 


S 69343 4 66.32 












Jo's work 
49x = 86.32 


gel 9 = 96.32/49 





Take Jo’s 

answer and The answers 
substitute dort mately 

'C tor x in so Jo's wrong. 
the Origin al 
equation. 
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there are no a 
b Questions 


pum 


Q: So about this “checking your work” thing... 


A: Do it. It’s easy to do, and it will tell you if you have 

the right answer!! Seriously. If you have an equation like 

5 +X = 11, and you say x = 2, when you plug 2 back in you 
end up with 5 + 2 = 11, which is seriously wrong. x does not 
equal 2. It’s easy to check your work after you've solved for 
the unknown. 


Q: When else will we use substitution? 


A: You'll see it come up again and again—always with 
checking your work, but also as a starting point to solve 
equations with two variables, for graphing lines, figuring out 
inequalities ...keep reading, we're getting there! 


Q: Why are there different notations for 
multiplication and division? 


A: It's really more convenient and a lot less confusing 
than the traditional multiplication and division signs. As 

you get to later chapters, you'll see more complicated 
equations where being able to show division as a single line 
really makes a huge difference. Multiplication (especially 
with parentheses) is the same way—sometimes what's 
inside that parentheses can get pretty complicated. Finally, 
multiplying a number by a variable is so common that just 
writing them next to each other is a lot less confusing than 
having a multiplication symbol in between. 


Q: When should | use parentheses versus dots 
versus just bumping the number and variable together? 


A: There’s no difference between the different notations; 
it’s just whatever is easier and looks cleanest. If you have a 
number times a bunch of things, you can use parentheses. 
We'll talk a lot more about that in chapter 2. If you have a 
number times a variable, just push them together. As for the 
dot... well, it's good for variety if you’re bored with the other 
notations. 


With division, you almost always see the stacked form, 
unless you're typing an equation in a word processor or an 
email, where the stacked form is a pain. In those cases, you 
can use the slash. 


what is algebra? 


Q: Do addition and subtraction have other notations, 
too? 


A: Nope, they stay the same. Plus means addition, and 
the minus means subtraction, but... 


Q: What’s the difference between a negative number 
and subtracting a positive number? 


A: As far as working with them, none. That means that 
when you have a -4, it’s the same thing as + (- 4). 


Q: There seem to be a lot of elements that go into 
solving an equation, how do | keep track? 


A: There are a lot, but they'll soon become second 
nature. Once you get used to working with equations, you'll 
automatically use inverse operations to move numbers 
around, you'll simplify the equation you end up with, and 
then you'll just keep going until you get that variable by itself. 


Later we'll follow the exact steps, but really they are just 
“what you do” when you get an equation. Probably the 
easiest one to forget is checking your work...make sure you 
do it! 


Substitution means 
putting a new 


value back into the 
original equation. 
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need more video games... 


Jo’s perfecting her set up with that new game she bought with what she had left of her savings. 
Help her figure out the details! 


Exercise 


During Jo’s embarrassing trip the first time she tried to buy the games, 

she put back the headset and just bought the new game, so she has 

$33.55 left. The new game is networked, so it’s time to invest in that Make sure to 
LIVE subscription ($12) and the headset ($39). How much does she check your work... 
need to save up to buy all of these accessories? 


Jo wants to buy an extra level for her game on LIVE, and it’s 720 points. 
It costs $1 for 60 points. How much will it cost for the new level? 


60 points (number of dollars) = total point tost of the level 


original equation: 
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Now how much does Jo need to come up with? She wants all the 
accessories and the new level for her game... 


This one is pretty 
straightforward. 


Jo has figured out that she can sell some used games that she’s already 
beaten to pay for the headset, subscription, and extra level. She can get $8 a 
game. How many games does she need to sell to cover the new stuff? 


Download at WoweBook.Com 
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solve the equations 





Jo’s perfecting her set up with that new game she bought with what she had left of her savings. 
4 oe Help her figure out the details! 

2e cise p g 

SOLUTION 
During Jo’s embarrassing trip the first time she tried to buy the games, 

she put back the headset and just bought the new game, so she has 

$33.55 left. The new game is networked, so it’s time to invest in that Make sure to 
LIVE subscription ($12) and the headset ($39). How much does she check your work... 
need to save up to buy all of these accessories? 


LIVE subseription + headset = money Jo needs + savings balance 






12. +39 = x + 33.55 


5] — 33.55 = x + 33.55 — 33.55 










FIT45 = x 
2 in the 
, (R39 = 1745 33.95 stitute Hare var . 
Check the work == ae e gs ajnal equation 


Jo wants to buy an extra level for her game on LIVE, and it’s 720 points. 
It costs $1 for 60 points. How much will it cost for the new level? 


60 points (number of dollars) = total point tost of the level 
bOx = 7120 


Divide both bOx = 720 ea This is the - 
sides by bO. tO bo division notation. 
\_ 7 


Cybstitute back x= 12 
in Cow xin the a 


original equation 
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Now how much does Jo need to come up with? She wants all the 
accessories and the new level for the game... 


This one ts pretty 


ard... 
New atcessories + new level = total money Jo needs straightforw : 







71.45 +1I2=x 
129.45 = x 
cybstitvte «= 7.45 + a da4s 
aed 1945 =1945 / 
Now we know the total 


that Jo needs. 


Jo has figured out that she can sell some used games that she’s already 
beaten to pay for the headset, subscription, and extra level. She can get 
$8 a game. How many does she need to sell to cover the new stuff? 


total money Jo needs = number of games to sell 
——_ rm 


amount she can get per game 


24.49 


—=x 


8 


3.68125 = x 


25.45 
F245 = 3.40128 _ 
: That 3 point whatever number works — but this is whole 


mes to 
3.66/25= 3.68125 <—~ games we're selling — so Jo actually wart sell 4 games 
get enough money to get all of this stutr! 
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equation training 


Equation training 


Let’s put all your mad equation solving skills together to 
solve a real world problem using Algebra: 


(2) Write the equttin to heh —_ 
Once you understand what you need to find, 
write out the equation in algebraic form. Use x 
(or some other letter) for your unknown. 


1) Understand the problem statement 
Each problem will come with hints and an 
unknown. Figure out what you’re looking for and 
what other numbers in the problem will help you 
solve it. Think of it verbally first. 


© Check your work! 
Check that you have the right answer by plugging 
your number back into the original problem in place 
of the unknown. 


© Write the equation as unknown = number 
Once you've gotten the variable by itself, you’ve 


<—_—_—_ 


found the solution! 


x =something 
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Figure out how to isolate the variable 
Use inverse operations and work the arithmetic 
when you have actual numbers to get the variable 
by itself on one side of the equation. 


i ation for 
Tog nies division 


> 


4 | Manipulate the equation 


Apply your techniques to actually move the numbers 
4 \eeR around in the equation to get that variable by itself: 
\k ee be cova Make sure you always keep the equation equal by 
gue" yn gn, YO“ doing the same thing to both sides. 
ye an 1 keene 
10 
ariel? 


Rewrite the equation 

Clean up the equation by performing any arithmetic 
you've setup after you moved things around and see 
if you've gotten the variable by itself. If not, apply 
another technique to get the variable by itself. 
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algebra saved jo’s day 


Jo has an awesome setup! 


After a trip to sell off 4 games and buy a headset, Jo signed into LIVE 
and bought that new level, and she is ready to play! 


This is the 
and with a Be ee wanted, 
ready to 90 as, she’s 











KillerX 2.0 
, Gaming System 
The brand new KillerX 
2.0 includes full circle 
entertainment value. One 


game controller included. 
(OPOD-112) 







COWS GONE 
WHD iT 







Jo bought this 
with her savings... 


Then she bought and sold 
a tew Games, so she Could 


afford a new headset and 
online play. 


Jo’s about to spend hours on her new 
game—hbut when she’s done, it’ll be 
easy to figure out what game she can 
afford next! 





Vo - read 


to 
Samer, anytime! ke ny any 
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Equationcross 


Take some time to sit back and give your right brain 
something to do. It’s your standard crossword; all of 
the solution words are from this chapter. 





kal 
Annee ee 
PET TT | 


esi woes 


a 
a 





Across Down 

2. The operation that undoes some other operation. 1. The anti-multiplication. 

5. Use this to do away with addition. 3. Stands for an unknown. 

6. Checking your work is really just.......... 4. Math sentences. 

8. Plug your answer back in to .......... it. 7. Algebra is solving for .......... 

10. A variable, by itself. 9. The key thing an equation promises. 


11. Jiggling the equation around to solve it. 
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Math Toolbox 





Ry The inverse operation for 
multiplication is division... 





Qe POINTS 


Algebra is about solving for unknowns. 
= You use other information from your problem to setup an equation with the unknown. 
= ~=The unknown is called a variable. 
= Inorder to find the solution to the equation, you need to isolate the variable. 
= You can isolate the variable by using inverse operations to manipulate the equation. 


= Addition is the inverse of subtraction, and multiplication is the inverse of division. 
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KR Equationcross solution 


al 


al 

PUN IV LE] RIS /E | 
| Sa ee 
ptt e sett 


fe 
w 
ioe | eas 


oO 

Msfolulalrieye 
L 
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i a 
| 


oe 
a 
au 
A 
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Le 
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N 
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2 (more) complicated equations 


Taking Algebra on the road 





I used to be so afraid of the 
unknown, but now Bob can take 
me anywhere... 


Imagine a world where there is more than ONE thing 
you don’t know. Yes, it’s hard to imagine... but there are problems out 
there with more than one unknown. Not only that, but sometimes you’ve got 


one unknown that appears multiple times in the same equation! No worries, 
though... you already know how to manipulate your equations. Add that 
knowledge to the tools you'll learn in this chapter, and you'll be solving more 


complicated expressions in no time at all. 


this is a new chapter 
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pajama death 


Paul loves “Pajama Death” 


Paul is a huge fan of the punk band Pajama Death. The band’s 
kicking off their US tour this week in Florida, and Paul’s determined 
to be there. Paul’s got his savings ready to blow, but he’s got no idea 












how much cash he needs to pull out of his account. 


Can you help Paul? 


Paul has $1,330 in his bank account and is willing to spend it all. 
In fact, Paul wants to bring his buddies and really blow it out this 
weekend. But how many friends can he bring? Not only that, but 
there are a lot of costs to keep up with: 






Tiek ets 


BS, 
_ Payee 
ae #1 far! 
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(more) complicated equations 


Always start with what you know 


The best way to work any problem is to figure out what things 
you know and what things you don’t know. The big unknown in 
this problem is how many friends Paul can bring. Let’s call this 
g for guys. We also know Paul’s got $1,330 in his bank account. 
Paul can spend up to that amount on the trip. 


Paul 's f 
Savings Accoun t 


Pescription 


Balance 
Here’s what we know: 3 


Number of 
guys to take 





The ma% Paul can spend is 


Money Paul #1320 - that’s the Fist 
NG. : >. ation. 
can spend “rown in our C9 


But there’s still a lot of things missing. We can’t simply set these 
things equal to each other... that doesn’t make any sense. 


LD * Lose) 


harpen your pencil 


& What else has to go into the equation to add up to the total cost 
of the trip? Does it matter how many people come? 
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each guy costs something 


chery your pencil 
Da Solution What else has to go into the equation to add up to the total cost 


of the trip? Does it matter how many people come? 








These three depend 


What we : 
upon how many guys Jo: were mi 


Gas is the same no matter how 


SSiNQ j 
many guys are in the ¢ar. Ve 9 is the 


“iP itself. 


There’s a COST for each guy 


Paul is going to have to spend money on gas to get to Florida. But what 
about food? Tickets? Hotel rooms? Those all depend on how many 
guys come (and Paul is one of those guys). 


So we’ve got to figure out the fixed costs, like gas, and then we’ve got to 
figure out how much each guy costs. That’s got to be multiplied by each 
guy, and added to the fixed costs. And all of that has to be related to 
how much money Paul can actually spend. 


So we've got something that looks like this: 


Fixed - . Cost per 
costs guy 


Z: 5 5 


Fixed costs ave : Here’s how many that 
costs that ee Sie ere oe more be P ile 
i ‘ mes mi a 
Change depending on meen et food, another aul Can spend. 
Ow MARY Buys Come. ticket, ete- 


The fixed costs won’t change, but the total cost goes up as we add 
more guys (g). The question is how do we figure out how much 
each guy costs? 
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(more) complicated equations 


Costs Magnets 


Now that you have the basic idea of the equation, use the magnets below to 
put together what the cost of the trip is based on the number of guys coming. 
Remember, some costs depend on how many people are there, and some don't. 











Money Paul 
©arns each 


week ($120) 












Money Paul 
can spend 
($1330) 
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how much will it all cost? 


Costs Magnets Solutions 


Your job was to use the magnets below to put together what the cost of the trip 
is based on the number of guys coming. Remember, some costs depend on how 
many people are there, and some don't. 





And here's how much it tan 

all add up to — we ee 
assume Paul is going to spen 

like (Paul ‘ nes +| every last penny 4 Daley 

acne i nee Line $1330 left in bis 

many riends Paul Cdn . 


Be sure You didn't use somethin, 


+ Friend #2...) 
already know how 


Money Paul 
can spend 
($1330) 





Gas is our the fixed tost — j i 

- L a ‘ood, 
dacs, de really matter t Paul Here's the important part a an abe vaultiely 
Ponds by himself ee if ke 3 ticket, and a place to uel wna Figure out 
crams |O people clown—style these tosts by the number be) : to be- 


into his ear. So this stays over how much this whale thing is goin 


here on the left. @ 
This is why the number of auys (a) j os 
i k oe 
we need to Figure out how ae ny ‘affects the ° 


cost of the trip. 
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(more) complicated equations 


Replace your words with numbers 


Now that you’ve got a general equation, you’re ready to put 
some numbers in. You can replace the boxes below with actual 
numbers for each cost... 






















Dude, gas is $4 a gallon 
now. Sucks. We're going to 
need about $160 for gas... 









Fast food for most 
meals - say $60 for 
the trip, each? 





Ok- tickets for the 
show are going to be 
$50 each. 









Here's a hotel for 
$100 a night, and it's 
a3 night trip, so it's 
$300 for the trip. 


harpen our pencil 
a y 


ee Leying to equation for the trip. (You don’t need to solve the equation, just 
we” 4 get it to a form you can work with.) 


Use the specific numbers for the costs to figure out the actual 







This is what Poa 
figure out — leave ' 


your equation. » 









Money Paul 
can spend 
($1330) 


ENE errr ot elGen ood AO nastier te ae seca Dnt dol dain fecal nah alla ec aha 
box with the actual 
Values from the Seeds sev eaead ee Saad enna a erences oe Eien See ees Den hese be tenes Sea se ore ee ee eee rene te enw See eee ee 
Conversation above... 








Now clean up the 
eas and simply 
the equation a little. 
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what’s the equation? 


coherpen your pencil 
Dy Solution Use the specific numbers for the costs to figure out the actual 


equation for the trip. (You don’t need to solve the equation, just 
get it to a form you can work with.) 





Money Paul 
can spend 
($1330) 


/ 
il £0 for gas, #60 for food, 


720 for 3 ticket, and # 
F £300 
for the hotel for the trip. “s 


hdd ise up and you sect e eet e ete ndereee oa ee Pe te th 


Into i apy. ___ ee 1s how mu 


-_— r 
ABO. +.9.2 (FLO). 5.133O...ccccee a gerd 


get 


Here we Just did a little clean 
uP — now this is looking | 


ike an 
equation we can solve... 
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(more) complicated equations 


Now solve for g... one step at a time 


You've got an equation (160 + 410g=1330) that can tell you how many 

guys Paul can take on his trip. Back in Chapter 1, you worked equations 
to isolate the variable. In this case, the variable is g, and we can use 
inverse operations to get to just g: 


160 + 4109 = 1330 


We 
off - to get 160 | and over to this 
th this Side of side... 
€ equati 


“~ We'll need to get 
that 410 out of 
the way too... 


..DUt you have to keep the equation equal! 


We need to isolate the variable (g) in this equation to figure out how many 
guys can go on the trip. But where should you start? There are éwo things 
you need to do to get that g buy itself: you’ve got to get rid of the 160 on 
the left side that’s added to 410g, and you’ve also got to get rid of the 410 


that’s multiplied by g. And no matter what you do, you’ve got to keep the 
sides of the equation equal. 


(7 160 + 4109 = 1330 


O Firske ee \ Ov the 410% 


eSB RAIN 
PQweErR 


The cost equation is a multistep equation. You have to deal with both the 160 
and the 410 in order to solve for g. Which should you do first? Will you get 
different answers if you do one before the other? Which is right? 
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follow the rules 


If you follow the rules, you'll ALWAYS 
get the right answer 


The most important part of equations is that they stay equal on both sides. 
So you could first move the 160 by using subtraction, if you wanted to, or 
you could deal with the 410g part first by using division. So the question is 


really, which is easiest to do first? Seriously... there's nothing 
If you try to get rid of the 410 first, you’ll need to divide both sides of the ab ca Picking the easy way 
equation by 410. Since 410g isn’t the only thing on the left side of the én Fe Comes to Algebra. 


equation, we have to divide everything by 410, like this: 


We have to di : 
id 
everything by ‘Alo, 






160 + 4109 = 1330 . 
Ate aa These numbers sharin 
410 a 410 yo very fun to wor 
0.3902 + 4 = 3.2434 
- 0.3902 + 039Q2 + g = 3.2439 - 03902 
Now we subtract 6, = 2.8537] 


03902 from both sides. 


Working with 410 first was fine, but we were left with all those nasty 
decimal numbers to work with. That’s not bad, but without a calculator, it 
might be harder than it really needs to be. 


Even though you'll get the same answers doing things both ways, sometimes 
one particular way is easier. Let’s try and work things out the other way, by 
subtracting the 160 from both sides first... 


When you've got more 
than one way to solve 
an equation, look for the 


SIMPLEST way to work 


with your equation. 
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(more) complicated equations 


Whole numbers are usually easier 
to work with 


Instead of dividing everything by 410 and getting that nasty 
160/410 thing, let’s try subtracting 160 from both sides of the 
equation, like this: 


- 28Q + [BB+ 410g = 1330 - 160 
We have to do . 
same thing to hats #10, = 1170 ~~ Subtracting First left 


Sides of {} € equation — us easier numbers to 


“ALO 410 work with... 
Sel The eg 2.0537 ied oly ne brie 


same answer. division, right at the end 


Doing the subtraction first was easier, and we got the same answer. It was 
easier for two reasons: you didn’t have to deal with decimals until the end, 
and solving the equation took less steps! 


It’s not always easy to determine which steps you should do first, but the 
good news Is that even if you don’t pick the easiest strategy, you can still 
get to the right solution. Just follow the rules, and you'll get the same 
solution, no matter what order you work things out in. 











So 2.8537 guys can go on Paul's 
trip? That doesn't make any 

sense... How are we supposed to 
take Paul, one other dude, and 
8537 of a third guy? 


Guys don’t come in fractions. 
The number for g doesn’t seem to 
make sense. What do you think we 
need to do here? 


you are here > 45 
Download at WoweBook.Com 





manipulate the equation 


there are no 7 
b Questions 


pum 


Q: What about the order of operations? Don’t | need to do 
multiplication and division before addition and subtraction? 


A: If you have a bunch of additions, subtractions, multiplications, 
and divisions all together that you need to work out, then yes, you 
need to follow the order of operations. But what we’re doing here 

is just manipulating the equation. We're keeping things equal by 
doing exactly the same thing to each side of the equation. When you 
manipulate an equation, it doesn’t matter what you do first as long as 
you do that thing to both sides of an equation. 


Q: Do | always have to solve my equations twice? How would 
| know which operation to do first on a problem? 


A: You don’t have to solve problems twice. We just did that here to 
show that either approach works. As for what to do first with different 
problems, well, it depends. When you have the option of doing 
addition or subtraction to get terms from the left to the right, they’re 
usually the easiest to knock out first. Then you have fewer things to 
deal with for later manipulations, like multiplication or division. 


Q: Can there be even more complicated equations? What if 
there are lots and lots of steps? 


A: Equations can get really long, and we'll get to some of 
those later, but the general idea remains the same. You'll need 
to determine which variable you need to get by itself and then 
manipulate the equation to get that variable alone. 


It doesn’t matter how many times you apply inverse operations or 
multiply both sides of an equation or any other operation. As long as 
you follow the rules, you’ll get the solution you're after. 


Q: When you start with a big long problem, do you have to 
write the problem out with words first? 


A: Not really. It’s up to you, but using words is a helpful way to get 
the idea of the problem you're solving down on paper without getting 
bogged down with numbers. 


Writing out a problem also means you have to step back for a second 
and think about the context of the problem. 


Relax : Welse paine to talk a lot more 


about the order of operations. 


Don’t worry if you’re still a little 
confused about the order of operations. 


We'll be using the order over and over in 
the rest of this book. By the time you’re 
through, you'll be a pro when it comes to 


ordering your operations. 
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(more) complicated equations 






I can bring 2.8 guys, 
including myself. Hmm. O'Brien 
you're a bio major—can I bring 
0.8 of one of you guys? 








So, you technically got a correct solution for g, but 2.8537 is 
probably not the right answer for this particular problem. Since 
Paul can’t bring 0.8 of a person, the right answer to the problem 
is actually 2 guys (including Paul). Since you can’t bring 3 guys (3 
is more than 2.85, so more than Paul can afford), you’ve got to go 
down to 2 guys: that’s Paul and one buddy. 


When you're solving an Algebra problem, part of the problem 





is working the equation... but another part of the problem is 
keeping up with what the problem means. That’s called the 
context of the problem. Math is not just about numbers or 
manipulating equations; it’s about solving real-world problems. 









Whoa - hang on. You can afford to 
bring more of us if you don't pay fora 
hotel room for each of us. We can put 
2 people ina room. 










oS RAIN 

-‘PQWER 
Paul’s buddies are right! Our equation charges each 
guy $300 for the hotel. But we can put two guys in 
each room. How do we fix this? What part of our 


equation has to change? Is the cost for each guy still 
based on the number of guys? 









you are here » 47 


Download at WoweBook.Com 


one variable, many appearances 


A variable can appear in an equation 
MORE THAN ONE TIME 


The hotel rooms cost $300. And right now, we’re multiplying that 
$300 by each guy on the trip. 


160 + 9 * (60 + 50 + 300) = 1330 


C is #300 gets added in, then 
a ueled i the number of guys: So 


eath avy tosts 7300 in hotel fees: 


But now, we need to take that $300 and separate it out. Each 
guy doesn’t have to pay $300 because 2 guys can fit into a 
room. So let’s pull out the $300 hotel fee first: 


160 + 9 © (60 + 50) + 300 = 1330 Now the £300 doesn’t get 


this 

plied by each 9uy-~ but 

aes te cost is still velated 
to the number of guys goind: 

For every 2 guys, the room costs $300. So for each guy, then, 

the room cost is $150... like this: 


160 + 9 * (60 + 50) + 1509 = 1330 


Since each guy is rays) el multiply bY a 


get 
half, we divide £300 to pay 7 
by 2 to get 150. a ll 











Wait - we have two g's in the equation 
now. What are we supposed to do with 
those? Are they the same? 


YES! If the same variable shows up more than once in an equation, 
the variable has to have the same value. A variable just represents a 
number in an equation. So each time g shows up, it must represent 
the same value. 


In fact, since g represents the same value each time it shows up, you 
can combine terms where g 1s the variable. For example, 2g + 3g = 
5g. Let’s see how we can use that to help us out... 
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(more) complicated equations 







harpen your pencil 
emer yar 


Below is the new trip cost equation. Use the new costs to figure 
out how many guys can go if they share a room. Be careful, this 
equation will take multiple steps, and you'll probably need to 

combine some g's. 







Here's the tost equation with the 


hotel cost broken out. Start by 
simplifying the equation. 


BRAIN 
jj) BARBELL 


There’s something tricky about this problem 
related to whether an even or odd number of 
guys come. Can you figure out what it is? 
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context is king 


G harpen your pencil 


IN Solution Below is the new trip cost equation. Your job was to use the new 
costs to figure out how many guys can go if guys share a room. 





First we'll get vid of the 


& parentheses by adding up the values. 


160 + 9 * (60 + 50) + 1509 = 1330 


160 + 110g + 1509 = 1330 <——__ 7, combine the like terms 


[60 + 2609 = 1330 <__/ IlO + 150 = 260). 
| b bOo = — 16 + vid ok the 
160 + 160 + 2609 = 1330 — 160 Now we ¢an ., am 


by subtra 
260g = 1170 a Y ee of the envation 


£09 = I|70 
ie 1 
g=45 itself, we need to divide 
x both sides by 260. 


Now, to get the 9 by 


And here's our new answer! 


So does this answer work? Really, how many guys can come? 
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(more) complicated equations 











Wow - much better. So it looks 
like 4 of us can go if we double up in the 

rooms. Before I say anything to the guys, 
how can we be sure this is right? 













Always check your work! 

That’s a great question, with an easy answer. You need to 
check your work. It’s easy to do. Just plug your answer back 
into the equation wherever your variable appears, and make 
sure both sides of the equation come out to be the same. 





G harpen your pencil 
IN 


Check that you got the right answer by plugging your answer 
back into your equation and making sure things are equal. 


Make sure you use the 
c veal solution: 45. 
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always check your work 


erp your pencil 
IN Solution Check that you got the right answer by plugging it back into the 


equation and making sure things are equal. 








160 +9 ° (60 +50) + 1509 = 1330 


Soca ep ons tidied saawh alee ass udedanncnuacaanerdade dierent Ul ce das inuden cesta aun il deareidns Basin danse du NAW ta an seein Dosa Vee senes 
T ckect! 


Checking your work proves your answer 


You solved for g, substituted your answer back in to check it, and made 
sure you got the right answer. 4 people can go on the trip to see Pajama 
Death, twice as many as when each guy has his own room! 


So now you've handled food, you’ve handled hotel rooms, and you’ve 
handled tickets. There’s only one thing that could turn this whole trip 
on its head... 


Dude, can my 
girlfriend come? 
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eal POINTS 


= Aterm is a piece of an equation. 7 


equation. 





= No matter how many terms you 
have, you're still looking to isolate 
the variable in order to solve an 


(more) complicated ec 





Whether you’re manipulating an 


equation, combining like terms, or 


isolating a variable, you still have to 
follow the order of operations when 
you start to solve an equation. 





Q: Why did we plug 4.5 back into the 
equation when we said 4 was the answer 
to the problem? 


< The numerical answer to the equation 
is 4.5. That’s the value that makes all of the 
numbers work out. But since Paul can’t bring 
half a person, 4 is the answer he actually 
needs. But, when we go back to check our 
work, we need to use the mathematically 
correct answer, 4.5. 


Q: Is it worth taking all that time to 
check your work? 


A: Absolutely. It is crazy-frustrating to go 
through a whole problem and get an answer, 
but get it wrong. That is a totally preventable 
problem if you go back and check your work. 


Q: My work looks a little different than 
the solution, but | got the right answer. 
Did | do something wrong? 


A: Not at all. With Algebra, you just need 
to apply the rules consistently, and you'll get 
to the same answer. The solutions we’ve 
presented are the way we would go about 
getting the answer, but they’re definitely not 
the only way. 


there,are no Pe 
Dumb Questions 


Q: When we isolated the variable, how 
did you know to subtract before you 
divided? 


A: We were trying to minimize the number 
of terms we’d have in our division. If you can 
reduce the number of terms in the equation 
by combining like terms, that usually makes 
things easier for later steps. There will be 
fewer terms to deal with. By subtracting both 
sides, we could get rid of the 160 altogether, 
and only have to divide one term by 260. 


Q: What if | miss combining a term? 


A: No problem. As long as you manipulate 
the equation using the rules properly, you 
will not get a wrong answer... but your 
problem may get more complicated. 

If you do start to feel like you’re going down 
the wrong road, don’t feel like you have to 
keep going that way. Just go back to your 
original problem and start over. 
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Q: How can this be math if there is 
more than one way to do the problem? 
Isn’t there supposed to be just one right 
answer? 


A: There’s a big difference between “one 
right answer” and “one way to get there.” A 
big part of mathematics is that there are 
different ways to solve problems and still 
arrive at the same (correct) answer. 

For example, you could do away with 
multiplication and just use lots of additions. 
But using multiplication is another way to get 
to the same answer. Different problems will 
need different techniques, but you should 
always end up at the same place when 
you're done. 


Algebra is about 
solving for an 
unknown, but it’s also 
about making smart 
choices about how to 
get to that solution. 
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manage pajama death 


This is your chance to look at some problems, write some equations, and do some manipulating. 


Exercise 


Pajama Death’s Profit 


This tour for Pajama Death is pretty important. They make most of their money 
on the road (the music industry is a tough business). The deal Pajama Death 
has with the record company is that they get the same percentage of profit from 
all of the different revenue they make on tour. In order for the band to make 
$15,000 a show, what is the minimum percentage of the revenue they need to 
get from the record label? 





Touring Revenue 


1. Avg. Food Sales—$17,000/night ie teule of hints: cane 


CDs (sold at the show)—$10/each, 100 per show. will be a decimal or action in 


an equation, and each type of . 
revenue will have the same pr it 


2. 
3. T-shirts—$15/each, 800 sold per show 
4. Tickets—$50/each, 4,000 seats per venue. percentage: 
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(more) complicated equations 


Pajama Death’s Loss 


One of Pajama Death’s concerts got a little out of hand, and the venue has fined 
them $3600. They are charged the same amount for each problem (broken fan, 
bartender that resigned, etc.), but the band needs to know how much that per- 
incident amount really was. 


Figure out how much they were charged per incident. 


Concert Incidents 
1. 4 ceiling fans were broken 
2. 3 guitars lost their necks 


3. 2 bartenders quit to become roadies 
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one problem, many approaches 


This is your chance to look at some problems, write some equations, and do some manipulating. 
E: RciSe Touring Revenue 


~o 
OLutiOn :. Avg. Food Sales—$17,000/night 
2. CDs (sold at the show)—$10/each, 100 per show. 


Up” 
3. T-shirts—$15/each, 800 sold per show We used “P” for 
Percentage, and since 
it’s the same for each 
source of revenue, it 


These are each pieces The total profit will just be is in all the equations. 


of revenue that were the total revenue times the 
se sc nce ia 


ees eeaein For CD’s, T-shirts, and tickets, rie 
T - shirt Profit = 15-800 P to Fiore ont te reser by aking : 
Ticket Profit = 50» 4000+ P Nene 


ee see 
Total Profit= Food Profit + CD Profit + T-shirt Profit + Ticket Profit 


In the proble \ \ Fi [ ue dividing, both 
statement eee 1,000. Why? 


4. Tickets—$50/each, 4,000 seats per venue. 


sides by ; 
it said th t _ set Wve ke things 
ne oe ee 


make i1%000 45,000 = 17,000P + 1,000P + 12,000P + 200,000P se ar ee 
- ane eae Tooe— i the division to all = 
the Lerms on both side 


— a uation. 
15 = 17P+1P+12P + 200PE~ These are all in terms of of the eqv4 
“P,” so they are like terms 
15 = 230P 


15 = 230P — Isolate the Ae ene Ter ete 
230 330 waniable MY Relax There are a 


dividing by 120. 


few ways to do : 


15 _p this problem. 
230 ~ Convert to a You may not have divided 
0.0652 =P ‘Appiah and then by 1000 or added up all 
. percent. of the terms first, but they 
6.52% =P should all get you to the 


Same answer. 
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(more) complicated equations 


Pajama Death’s Loss 


One of Pajama Death’s concerts got a little out of hand, and the venue has fined them 
$3600. They are charged the same amount for each problem (broken fan, bartender 


that resigned, etc.), but the band needs to know how much that per-incident amount 
really was. 


Figure out how much they were charged per incident. 
Concert Incidents 

1. 4 ceiling fans were broken 

2. 3 guitars lost their necks 


3. 2 bartenders quit to become roadies 





2b For g 
te eeiling, S2rS 3 “ee aed ban sd 


4x + 3x + 2x = 3600 


Since the Vari 
w iable is th 
“nue “Ox = 3600. Ean combine like Lerma” 


Te a and get 9x... 


then we divide 
both sides by 9... X= 400 


sy y {400 Pe“ 


and aim pee stee?- 


“neiden 


Now cheek Your work by plugging Your answer back in... 


4 (400) + 3(400) + 2(400) = 3600 
1600 + 1200 + 800 = 3600 
3600 = 3600 
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multi-variable equations 


What’s a road trip without some girls? 


You've figured out how many guys can come, but what about girlfriends? 
Paul doesn’t have any more money, so if girls are coming, Paul can’t bring 
as many guys. Not only that, but girls might not cost as much as guys to 
bring... 








I want to go too! And I'm not 
real excited about being the 
only girl, so I want to bring 
some friends.. 


So there are a few things we’ll need to change with the equation to add 
girls to the mix: 


- Girls don’t want to share a room with a guy—they’re going to 
need their own hotel rooms. 


- Girls only need $30 for food. 


The problem we have is that our current equation multiplies the number 


Cost per = 
guy 


of guys coming on the trip by their costs: 







Number of guys 
to take (g) 








£ guys times the ya 
\tiply the number on + 3 
sk = Se now we Ve got girls eee This ‘es Paul’s 
ait amount. We need to make some girlfriend, 
Amanda. 
a 
We need another variable 
Since girls have a different cost associated with them, we need to treat them 
separately in our equation. We’re going to have to introduce another variable. 
Let’s call this variable r for girls (since g is already taken...). Now our equation 
looks something like this: 
Fixed m eo | Cost per ‘ . = 
costs guy 
@ Number of Number of 3) 
guys to take girls to take Money Paul 
can spend 
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(more) complicated equations 






chp your pencil 
IN Use the information about cost per guy and the information 
about cost per girl to. write up the new equation we need to solve 
leo f to figure out who sricomes ; 
#bO for food, #90 ov a #30 for food, ‘50 dee s 


| 7 


Licket and 7300 for the ticket and $30 


; O fo 
hotel for the trip. hotel for the fi Ms a 


rooms with guys. 


costs guy : 
per girl 


C Number of x Number of 


guys to take girls to take Money Paul 
SN St de GA Sate Not Shee Broa ett Shea inte an Mace 5 Se de cae stahas Stdet Seats shee Mens ese e Rule. 5 eeed ctaks ee aos seas Soe tate eed Sate) Can.spend......... 















n't forget about two guys. 





our V 
te only mix Q's with 9s and 


< ) 
b dittatatades tide dabedcttad Sete kd, dada cthtet te TE tHe stacaustdtoen tee stedlin  deheiitein React ba WS. MITER Sse eecceeeeeeeeeeeee 
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there are girls now 


chery your pencil 
a Solution Use the information about cost per guy and the information 


about cost per girl to write up the new equation we need to solve 
to figure out who can come. 





; = dy. They ave 
i patil aie hee These ave the same type of tosts for 
e sam 


“ \ the girls, just some different values. 


y i \s 
vad per girl 


Numb of © lum 
C 5 Gee i. Money Paul a 


pigtails sane a e38 ge gies e's S24) siese! Gand b o14 g. did Oo is WhSIEED S-4Le)s Sieg ais s ered a ls| sa esate ooo slaw bayele Niele eos She aig ees SMS. BES 


mine Your . 
pehagenedgonieteadeeeensce usa cees givonty COmOIDE eee cere POE APO 0, APO, 929 TTS alll, he: 5; chiag 
v's with 1S I 


160 +.2609 +.230r =.1330 
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(more) complicated equations 









Now what do we do? We have 
two variables in there, g & r! 





Two variables seem to be a problem, but it’s something we can handle. 
Just think about how you worked with one variable. You put together a 





equation to say how things relate to each other in terms of the variable. 


So with just guys, we were putting the cost of the trip in terms of the 
number of guys going, the g variable. Even the individual parts of the 
trip were that way, like how we figured out the cost of the hotel: 


Hotel Cost Up Clase 







How much the guys 

will be spending, on 

heey “ Hotel Cost = 150g 
5 


in terms of 9¥YS 









The hotel costs are in terms of guys. The base 
hotel cost is $150, then for each guy that comes 
along the total hotel cost goes up by that amount. 









Hmm - how does this relate to 
combining like terms like we did earlier 
with g's and r's? 






Great question. For that, we need 
to talk a little bit more about what 
exactly a term is... 
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terms are algebraic chunks 


A term is a chunk of an algebraic equation 


It’s important to make a distinction between a variable and a term. A variable is some 
letter we use to stand in for something that’s unknown: g for guys, r for girls, etc. A term, 
on the other hand, is just a piece of an equation. So, the equation 6g + 10g = 32 only has 
one variable, g, but it has three terms: 6g, 10g, and 32. When we talk about combining 
like terms, it just means pick the terms that have the same variable, 6g and 10g, and 
combine them: 6g + 10g, so 16g. 


But how do you figure out how many terms there are in an equation? They’re held together 
by multiplication (or division). So, 606 is a term, but 60 + 6 is two terms. How about 
3(x+2)? Well, that’s just one term. Everything is glued together because everything is 
multiplied by 3. 


“In terms of” is the secret to multiple variables in an equation 


In Algebra, a lot of expressions have multiple variables. The most common 
equations you will see in multiple variables will be x andy, even though in our 
equation, we’ve got g and r. 


When you get into multiple variable equations, this 1s where “in terms of” 
really starts to matter. If you have an equation in two variables: 


®Q It’s much easier to work with if you get one variable “in terms of” the 
other. That makes substitution possible. 


& An equation in two variables establishes a proportional relationship 
between the two variables. This is the Key to 
giw| problem 


ou avy k 
A single equation in two variables can not be solved without an - wel” is second--: 
additional relationship. this in vs 


Bam it up —————— 


Term — fA piece of an algebraic statement that is 
related by multiplication or division. 
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(more) complicated equations 


‘* a + 


+ WHAT'S RKY PURPOSE? 
+ 













Match each equation to a description of which variable is in terms of 
which other variable. Some equations have two correct answers, and 
some descriptions will be used twice! 





T = 15d — 45 + 2° Can be simplified to variable fin terms 


of variable r 





i) 


e Variable Q in terms of variable x 


h-e=a4+12- 


Variable h in terms of variable e 


One variable is not isolated (yet) 


Variable T in terms of variable d 
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in terms of.. 


> 
: 
*. 





T = 15d — 45 + 2° 


D 


h-5=4412-2 


% 


*wwHarT's ay PURPOSE? 


+ 





* soavcuTiaw 


Can be simplified to variable fin terms 
of variable r 


Variable Q in terms of variable x 


Variable h in terms of variable e 


One variable is not isolated (yet) 


Variable T in terms of variable d 





,o POINTS 


= Keep in mind that “in terms of” may 
be all you need when solving a 
problem. 


= Break a large problem into smaller 
pieces to make it easier. 





You need to fully understand a 
problem before you do anything else. 


If you have constants in your 
problem, you can use the actual 
number or use a letter to stand in for 
it, if that makes things easier. 
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(more) complicated equations 





I think we should have 
the same number of 
girls as guys. 








What’s the relationship between 
guys and girls? 

From what we know about multiple variables in 
an equation, we have to find another relationship 
between guys and girls (g & 7) in order to get any 
further with Paul’s problem. ‘To make things fair, 
let’s say that we have to bring the same number of 
guys and girls. That’s a new relationship! 


If we say we have to have the same number of guys 
and girls coming on the trip, then we can say g = r. 
Once we say that, everywhere you see an r, you can 
substitute in a g (since they are equal). Suddenly the 
equation looks a whole lot more solvable... 





harpen your pencil 


IN Finish up the road trip equation, and solve for g. Then 
solve for r. 





2609 + 230r = I170 Sinte 4 = we Can substitute 
wheal saewanls Seige samdatee etch See octet te tin. SIS ahs eave aw 


a whole person, right?) 
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what’s the context? 


G harpen your pencil 


N Solution Yor job was to finish up the road trip equation, and solve for 
g. Then solve for 7. 





We only show one decimal but the | | 
Cull answer is 2.367799102... Going back to the new 9 = 6 relationship, you also . 
that v =2.3. That makes sense, because the total number 


of g+vis still 4.5, just like when i was just uys: 


ay no 


o 
Dumb Questions 

Q: Why did we only write part of the Q: So can we just say that g = r? Q: Can it sometimes be the end of the 
decimal, and not the whole thing? problem if you don’ t have a number? 

A: Sure, because that’s the second What if you can only get an equation in 
A: Because for this problem, we can relationship (equation) that we were given terms of two variables? 
only bring whole people. You could round for this problem. It was part of the problem 
down to the nearest whole person and statement, and we just worked with it to A: Depending upon your problem, that 
just show two decimal places, but to avoid solve our initial equation. Knowing that g = May be all you need. It’s another case of 
confusion, we used one decimal place. means that you can substitute ¢ back in for needing to think about the entire problem, 
Remember to always think about the context — >in the original equation and then solve for not just the equation. The goal may just be 
of the problem. The math might work out to one variable. the proportion of the variables and not a 
2.387755102 people, but who really wants to numerical answer. 


be that .387755102 part? 
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(more) complicated equations 













Hey, we've got to get going. I 
have enough money to bring 4 of 
us. It's me, O'Brien, Amanda and 
her best friend! 


Road Trip! With a little Algebra, you’ve figured out 


how many can go‘and how much the whole thing is going to cost. 
Pretty impressive. Now there’s just one more thing to sort out... 


Unfortunately, this is a 


Problem that even a ay. at 
a Algebra book can't nid 













We have to agree on music 
to listen to. There's this 
great new song by Ferdi... it's 
a Sst mae ee Cali deer. 


nts e First we'll get vid of the 
parentheses by adding up the values. 















Then combine the like terms 
1330 y IO + 150 = 260). 


ad o the 
-|b0 + 160 + 20g = 1330 - 160 Se isha 
vee ys i subtracting |b0 From 

eo, both sides of the equation: 


£09 = |170 
ae 260 8 Now to get the 9 by 
9=45 itself we need to divide 






both sides by 26Q. 
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simplify these 


herp your pencil 
IN Simplify each of these mathematical expressions and combine like 


terms. So remember that a term needs to be held together only by 
multiplication or division. 


Apply the 
ord 
operations rhe) of 


6+ 5x-10y+ 2y-2x + 3y-4 





-3xy + 4y(x-2)-x See ee 
shiva sheasucon totuacobuleserblaest ry gibaguareheantes Mean edentaeee (9-3) 1 1 
yA AP + a - GX 0.75x- 2y This one 
eG ae Fok ek aE eRe Reece BEN SEER SERRA O 8 BR SE ON BORER aed aa ds wURS is started 
(7 * 3) ae koe for Yow 
ecco sana ema acgertnateenciceeades eT a a 
1 
3(3b-g) +3 Go ay 78-10 
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Multicross 





(more) complicated equations 


Take some time to sit back and give your right brain something 


to do. It’s your standard crossword; all of the solution words are 


from this chapter. 


i 
aS ae a ee eee 


i 
-— 

Pees Heil ees deepest Wl EYE 
= is 


Tea hee | 
a pee 
pelt ee dea et 


Across 

2. Use ..... to check your work. 

3. Plug your answer back in to ..... it. 

4. Equations express a relationship in... ou. some 
variable. 

5. Tells you what you're looking for and what you need to find it. 
6. A piece of an algebraic statement lumped together through 
multiplication. 

7. When solving a problem, it’s always important to think 

about ...... 





Pale tet ol es 


Down 

1. More than one variable. 

3. You can do this to like terms. 

4. In order to solve an equation, you have to do this to the 
variable. 

6. An absolute value equation typically has this many solutions. 
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simplify the expressions 


harpen your pencil 
“r Maton 


Simplify each of these mathematical expressions and combine 


like terms. So remember that a term needs to be held together 
only by multiplication or division. 


Writing on 
the Problem 
Can help kee 


track of 4h 
2 + 3x - By + By ike donee 


oS 
6+ 5x-10y+ 2y-2x + 3y-4 
Se 


12 
- 3xy + 4y(x-2)- FX Cleaning v? 


zo tne fraction 
—3xy + 4y(x-2) - 4x 








33 - 9) + 3B +410 


exponent N 
3(3b - ) + 9-1 + 4-10 


ee 
4p - 39) + 9 - 48+ 9-10 
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Multiplication 
ag yh yoy <a 





using the ZL and di 
distvibutive.......c.cccccccececcccceeeccccceeeceesaueesees ites ates 
Property Lxy -2x+t4-x 
-3x+4 
en Pare g ee ek s : oe : Gs ee ce 
because there is an additional 
variable (y) in the term. 
= yA? 4 5-4x-0.75x-2y 
Convert to a 
a paaNe 
CIEE eer ce ON PO acces 
x xy - & Ao Ee ee ey 
“YY 
parens (27) 


=" - 4+ +4 - x - ze -ly 


exponent 
Ze oA 16 + t-# - zr -ly 
division ie 
U2 -|6+ te - Re -ly 
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(more) complicated equations 


Multicross Solution 


Take some time to sit back and give your right brain something 


to do. It’s your standard crossword; all of the solution words are 
from this chapter. 





oi M ee ee eee ees 
SUA EAE ot 
L 


ope 
{tet 


A BEN ee 
Pe] Rj O |e iL IE IM) Sit /Al Tie (Mie INIT | 
o Ea 
qo Gg 
ro} OIN| TIE |x Tt 
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algebra toolbox 





or POINTS 





No matter how many 
terms, you're still looking 
to isolate a variable in 
order to solve an equation. 


The order of operations 
says what order you 
should work on things. 


You'll need one 
relationship for each 
variable in your equation in 
order to find an answer. 


Make sure you're dealing 
with the same terms when 
you combine parts of an 
equation. 


Tools for your Algebra Toolbox 


This chapter was about solving 
more complex algebraic equations. 





If you have constants in 
your problem, you can use 
the actual number or use 
a letter to stand in for it if 
that makes things easier. 


A term is just a piece of the 
equation held together with 
multiplication or division. 
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3 rules for numeric operations 


* 
x Follow the rules * 


Mom says if I don't do my 
multiplication first, she'll take 
away my ethanol-powered remote 

controlled helicopter. Bummer... 






y aocdefghijkimne 
GD 7770x044... oP I Stuvwxyz: 
ry hs SAMMLMIOP OB Lary: 


Ca ET 


Sometimes you just gotta follow the stinking rules. 

Yes, there comes a time in everyone’s life when mom and dad are out of the picture, 
and there’s nobody making you clean your room or surrender your cell phone until your 
homework’s done. But when it comes to Algebra, rules are a good thing. They'll keep 
you from getting the wrong answer. In fact, lots of times, rules will help you solve for 
an unknown without a lot of extra work. Leave your dunce cap behind for this chapter 


because we'll be following a few handy rules all the way to a perfect score. 


this is a new chapter 
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be the judge 


Math or No Math 


It’s the quiz show that’s sweeping the nation—Math or No Math. This 
new primetime hit pits two contestants against each other, struggling to solve 
math problems. It’s easy to find contestant, but Math or No Math needs 
help. They don’t have any judges to figure out if contestants are getting the 
problems right! That’s where you come in.... 


You’ve been brought in to judge this week’s show. Good luck... 


If you're not sure about 
Problem #1: exponents, turn to the appendix... 





Both contestants have already 





weighed in with their answers. 
But who's right? 


(7 


; Jatt 
This is Kate, » 
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rules for numeric operations 





BE the judge 

Your job is to judge what Kate and 
Jack did. Mark up their work step by step 
to show how they each got their answer. 





The original expression 





























nela4 dele=9°-5-(283) 24(24+4)+(6-3)-5-(253) Here’s what 
re s wha 
ted =~ . s Jaek did. 
wer awer—-24(6)4(3)2-5-( 2} te4ete-3)-5-(750") 
2+(6)+(3)*-5-(4) 8 +(6-3)?-5-(2i9%) 
2+()+9-5-(3) \4-32-5-(245) 
at w2-5-(253) 
lg an-5-( 223) 
Make notes about r 
morte wef 
Cee any kes’ 





w4+3 — 117 
10 = 10 


Whe's right? (Circle one) Kate Jack 
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who won this round? 





BE, the judge solUfjon 
Your job is to judge what Kate and 
Jack did. Mark up their work step by step 

to show how they each got their answer. 





The original expression 


seas Fala ee Pea 














; 2+3 
10 @+ (D+ 4) +6 - 3) -5-( ii 
Kate combined the parentheses first... os ak 
SGIye-3)?-5-(42 
(6) 2 ( 9 Jack went ( 40 ) 
EVO S ISHS an ~ es cake \ 
th : 
the hacintd EaW)3)?-5-(2423) 
2+(6)+(3)*-5-(4) <7 





au 
2 
‘ -_ 
simplified the pew term 4-2-5 - ( 2 3% 


2+(6)+9-5-(3 Kate decided to 
2. 








work with groups Then, [4-3 = II, snes ( 2 act 
added 2+6 first, then so square that 4 
As: \ exponents, then 
3+ yee (3) addition and 
2 j Jack worked his ( 2+3 
Lion... 
\ ted sae entire problem from @a-> 40 
added § sutracte IE te vight ( 
what was le ys ) 
Ae 40 
nui 
' \\b- 


\0 
Whe's veght? (Circle one) <2 Jack add what’s left. Z 


Wonder wh 


: 17 
al reading to " 
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rules for numeric operations 








How come Kate's right? 
Who says? Jack's answer 
makes sense too! 


Kate is right because Kate’s answer 
= follows the rules for working with numbers. 


Kate solved the expression properly because she used the 
order of operations. She got the correct answer because 
she followed that order—which 1s really just a rule for 
working with numbers—precisely. 






If you don't follow the rules 
nothing's going to work out 
the way it's supposed to. 







Strangely 
menacing, 

authority 
f igure. 


J ack DIDNT follow the rules, so J ack 
got the wrong answer. 


Jack worked his problem from left to right. That seems 
pretty logical, but since that’s not what everyone else 
doing Algebra has agreed on, he’s not going to get the 
right answer to problems. 


Equations and expressions are written to communicate 
an order. That order needs to be the same for 
everyone who works with the expression, or 





there wouldn’t be any right answers. Hello math chaos! 


You need to learn and use the order of operations to 
solve problems, and that’s what we’re going to do next. 
That way, you can be sure you—and the Math or No 
Math contestants—are following the rules. 


The order of operations 18 one 
of the ways everyone can get the 
same answer to the same problem. 
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there’s order to algebra 


There’s an order for working expressions 


The order you’re supposed to work with numbers in a math expression 1s called 
the order of operations. If you always follow the order of operations, you'll 
get the same answers to problems that everyone else does. Here’s the order: 


The Order Of Operations 
You need to work through 
and get all of those pieces 


( ip Anything in here daplitied fick sd cc 
Parentheses those down. 


Parentheses include everything that is grouped in the expression. ssions 
Cince these are all expre: if 
This is Kate ee inside parentheses, Shey . : 
sna dais. oe (2+4)+(6-3)'-5- (? + 3 replfied in ihe 


original equation. 10 





Exponents 


Everything in the expression that is raised to a power, any power (that 
includes roots, too). 
This is an exponent-, a ™ Af ter simplifying inside the 
De (6)+ (322 ee (3) parentheses, the exponent 
needs to go next 


Multiplication and division 
ave the exact opposite of 
These operations are equal in order, so work left to right, simplifying both each other, so they ave the 


the multiplication and division parts of the expression: same “strength” operation. 
We dow + have any multiplication 
or division for this problem, so 2+(6)+ 9-5- (3) 


we leave the expression as—is. 


Multiplication & Division 


Addition & Subtraction 1 fiddition # subtraction 
are also opposites. 
Addition and subtraction are equal in terms of the order, so work from left 


to right doing all the addition and subtraction. Once you’ve finished that, 
the expression should be simplified. 


2+(6)+9-5-(4) = 115 <™—™. 
— Addition é subtraction are 
Work what’s still there lett to right. ewe ies 
So they 90 last. 
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rules for numeric operations 


Math Magnets 


Time for a little extra judging. Below are several problems that are 
partially worked out. Your job is to figure out what the next thing 
to do in the problem is. Use the order of operations, and place the 
correct magnet for the operation you'd do next. 





For this one, what is the first thing you do 
inside the parentheses? 





(6-3+24 4’) § -1-4-(2) 
2 ee 
ad What goes next? “What goes next? 
coh ee er 
: -1( 2753 )-3-2 
member, 2 root is jus ue See ip Aes 3 
Deeb ($)-3 2 
8\ 1 
26(-1)4+/4-3 Ug)-3-8 
—0.4 + 0.1(6 + /9)’ inside 


(12413). 7 





one is mre — take your 


his 
' sag and you'll igure it out. 
(25)"" +7 
6 
o+7 
: then 







Multiplication 
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Addition 
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magnet solutions 


o=>\\ Math Magnets Solution 


Your job is to figure out what the next thing to do in the problem is. 


Use the order of operations, and place the correct magnet for the 
operation you'd do next. 


Singe everything is grouped over the 2, 
you need to simplify inside the parentheses 
and in there the exponent goes first. 


(6—-3-24 4’) 8 i 


Bon -3-(] 





You should drop the parentheses, and 


( +3 )- 1_os 
3 Inside the parentheses is 
then do the exponent (the square root). : 


simplified, so the next thing 


— a pis is m ip ication. 
: ae ult | 
2 e = 1) + Vv 4 3 { Parentheses .. ( 12 


You still need to work inside the parentheses — but you need to 
handle the exponent inside first — and don't forget that roots 
are just another way of writing exponents. x 


~0.4 +0.1(6 +,/9)’ inside 


(1218) a7 
6 


1/2 se 
(25) RF = addition goes first because 
6 ‘ES Yrouped over the division sj n. 
o+7 


ae ies 


gnets are left over: 





These ma 
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Q: Where did the order of operations 
come from? 


A: It was established by early 
mathematicians (geeky people who do 


Algebra for fun) who were trying to compare 
their work. The order let those folks talk to 
each other and get the same answers for 
their problems, which is a pretty big deal. 


Q: Why did the order of operations get 
set up this way? 


A: The strongest operations go first. 
Parentheses are a way to say, “Do this first!” 
Then, exponents, and then multiplication and 
division. Finally, addition and subtraction. 
And we work on what's what’s left by moving 
from left to right because that’s the way we 
read. 


Q: Are roots exponents? 


A: Yes, which means that they go second 
in the order of operations. If you need a 
refresher on the details, just turn to the 
appendix, where exponents and roots are 
discussed. A root is just an expression raised 
to a fractional power, like 1/2 or 1/3 (for 
square root and cube root respectively). 


there are no a 
Dumb Questions 


Q: Do inverse operations always go 
together in the order of operations? 


A: They do. Addition, subtraction, 
multiplication and division are pretty 
straightforward. Exponents and roots are 
also inverse operations. 


Q: Do I have to memorize this? 


A: Yes, but if you just think of the 
operations going in order of strength that 
should help. 


Q: Do I need to reduce fractions right 
away? 


A: The fractions are up to you. If 
you want to work with large numerators 
and denominators, you can (but it’s not 
recommended). 


Q: So are fractions really division, or 
can you leave fractions alone? 


A: Both. In the case of a fraction, you're 
not changing the value of the number, just 
how it’s expressed (1/2 vs. 0.5), So you can 
work with it either way. If you want to divide 
your fractions to get a number like 0.5, you 


can... or you can leave fractions as they are. 
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rules for n c operations 


Q: When can you drop the 
parentheses? Do they need to stay after 
you did what was inside? 


A: That’s up to you. Just like the fractions, 
when you’ve combined whatever was ina 
set of parentheses and you're down to the 
most simplified form, you’re done. Some 
people like to keep the parentheses to 
indicate multiplication or to clarify exponents, 
but it’s not required. 


Q: This seems like a lot of steps. Is it 
hard to keep track of all this? 


A: It can be, that’s why you should write 
down your work as you're solving a problem. 
In fact, since Jack wrote down his steps, we 
were able to figure out where he made his 
mistakes, and why he got a wrong answer. 


It’s a good idea to 
write down what 
your expression looks 
like at each step. 
You can keep track 


of what you did and 
check your work, 


81 


| fh 
i VU 
Kate Jack 


Math of No Math 





Back to Math or No Math... 


Here we go: it’s time for round 2. The rules have changed a 
bit, too. Now contestants get one point for getting a problem’s 
answer right, and another point for getting the right answer 
first. So speed is definitely a factor. 





The Order Of Operations 


1) Parentheses 





Let’s see how Kate and Jack do, especially now that everyone 
knows the order of operations... 





2 Exponents 






3) Multiplication & Division 





(4 ) Addition & Subtraction 





Problem #2: 
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rules for numeric operations 





BE the judge 
Your job is to judge what Kate and 


Jack did. Mark up their work step by step 
to show how they each got their answer. 





Kate’s Work 


os oe 


J ack’s Work 




















5 ‘ 8] re : original expression (3 + 6) + : + (3 . 8] + : 
AS On tad SRGM Meme oe N 
\ ars} ia'e) a 
D2 gob Eee pun pe 
(3 : i) 5 (3 8) 2 
eres ee oe \ 
ier ae 1074074177 
Aaya! A 2S AO 
2 40 10 ‘10 ‘0 
- AS 19 
9 9 40 ‘0 
52 
ate) 
Whe's Heht? (Circle one or both) y 
Se 
Kate Jock Nether : 
Whese soluffon was fastest? (Circle one) Relax Fractions are in the : 
appendix. : 
Kate J ack Rusty on fractions? Just flip to the 


appendix in the back for a little help. 
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kate wins again 





BE, the judge solUfjon 
Your job is to judge what Kate and 
Jack did. Mark up their work step by step 
to show how they each got their answer. 





Kate’s Work 





J ack’s Work 

















1 1 1 1 original expression 1 af 1 : a 
14 .6)+} (5-8) os + 6)+e+ 8} + 
Kate started (3 52 9 sat 2 Bis ch 2 
converting Jack ‘ * a 
everything, it now Cie Pa aN EA 4 
to Fractions fie Bh , ne ce ( + ): 5 +(3 +3) 7 
7 eae e wst SO 
right away (3 + 5 ): 5 +(} a) a] needs Common —, 
a omindtors- “ 6 
then rouped ee , ‘ en (Bray )ete(de2)+4 
ikths. +( + ): Gy 
the fi {) S 2: 5 5 2 Now Ke 
Next she  —— ™ parentheses oe Agate inden TA ag 
reordered what 4 > nee 4 handled, its 40 ‘10 pA 
was left to get J pore een 
the common One more denomind ty. AN 43 2 : 40 : 5 
denominators \+ 4 7 of reordering 40 10 A140 ‘40 
together... 5 and she Can 
add the whole ABs: 
ot ange 10 * 40 
) 
Reduce the 58 
90 100) 4D Fraction and se 
Whe 5) Hight (Circle one or both) make it Proper 4 
iG They both Y a er 35 


Ca3) GY Neither 


Whese soluffon was fastest? (Circle one) 


(Katy Jack 


Kate was way fast 
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rules for numeric operations 











What? Kate totally blew of f 
the order of operations, but 
got the right answer. What's 
that about? 


There are properties as well as rules. 


Kate didn’t ignore the order of operations; she 
just used some other properties of numbers first. 
Kate used the associative and commutative 
properties to work with her equation, and then 
applied the order of operations. 





Properties like the associative and commutative 
properties are really just another type of rule... and 
you can apply these properties before, during, or after 
applying the order of operations. 


peal 
\j\ 2 BARBELL 


Go back and look at Kate’s work. Circle where 
you think she used a special property. Don’t turn 
the page until you think you know where Kate 
did something sneaky. 
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re-group your equations 


You can re-group your equations 


The associative property lets you change the grouping of 
numbers in addition or multiplication operations. Suppose 
you've got a bunch of numbers you need to add. You can 
change the groupings of those numbers around all you want. 
In fact, that’s what Kate did: 


Kate’s Work 











Kate used the associative property ( 1,3 ) , 
to ve-group parts of her problem. ae is 

Go she worked with Common 

denominators next to each other fe Pane j 
first, and then did the vest. 1 +( ae ): ie a 


What’s going on here? Because all of the operations are addition, 
the parentheses don’t affect the outcome. The associative property 
says that when you’re performing addition or multiplication, 
grouping does not affect the outcome, so you can regroup those 
types of problems all you need. 





You can take a problem like 10 x (4.2 x 0.225) and reorder it 
to something easier, like (10 x 4.2) x 0.225. It’s much easier to 
multiple things by 10 than 0.225, so it’s better to rearrange the 
grouping of this problem some. 


Sum it up 


The Associative Property — Changing the groupings 
of a set of numbers being added or multiplied 
does not change the outtome of the operation. 
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harpen your pencil 


rules for numeric operations 


IN Here's your chance to put the associative property to work. There 
are two expressions next to each other, regrouped for you. Do the 
answers come out to be the same? 


We've already changed the grouping for 
you — see how it works both ways! 


1, 3\,1 . 
(s+8)+5 


Are the answers the same? 


Yes No 


W563): d2=5)=3 


Are the answers the same? 


Yes No 


Are the answers the same? 


Yes No 


Are the answers the same? 


Yes No 


Why did the answers come out the same for some of the problems and not for the others? 
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associative practice 
Your job was to solve both sets of problems, see if the answers 


hry your pencil 
aN Solution came out the same, and figure out why you got the results you did. 


Regrouping 
\ a both of an 


8 eno 1, (3 , 1) these does 1 i 
(3 a 3| + hes 9 =F (2 a5 | not change 3 (9 . 2) i (5 * 9}2 
ne 
ss 3 


5 3 

GA Sb cg. lt Laff) the VALUE 

(5+ a) : +(Z) oP bie (18) (3)2. 
tO | a ne a 
dip NO Fe ce vei ina ck a Senet ie eeceat 

Tap de 2. B 
oe 616. AO TB... Pee Tees ener erty eer e rarer nee 
: : 


Are the answers the same? Are the answers the same? 


a ~ These two are the ~—> 
sas same — the associative No 
property works here. 


‘ow nnd, 
2-(5-3)  2-5)-3 CPi 122422) ve (1224) +2 


changed the 


IZ - (2) (7) -3 value of the IZ = (2) (3) =2 
ainthiavjanesateleinchtaier lath’ ojarestrotarh a oh tes jaro Strata iasdhelataak’a else vrata xglution i eure en 
oper ty b a 
preent ea caeae © ounce tt was ne Caan anes 
Whoa — those don’t match. for these! 


This didn’t work either — the 


Are the answers the same? Are the answers the same? 


Why did the answers come out the same for some of the problems and not for the others? 
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Watch it! 


rules for n 


The associative property only works for 
addition or multiplication - NOT subtraction 
and division. 


This means you cannot regroup subtraction or division 
problems without changing the value of the solution. You 


have to solve expressions with subtraction and division as written. 


thereyareno 
b Questions 


pum 


Q: So do we need the order of operations 


or not? 


A: Yes - the order of operations 
(parentheses, exponents, multiplication & 
division, addition & subtraction) is the order in 
which you need to simplify a problem. With the 
associative property, you are not changing the 
order of operations—you'll still do parentheses 
first—you’re just moving certain parts of a 
problem around. 


Q: What’s the point of the associative 
property anyway? So what if | can move 
groupings around? 


A: The associative property means you 

can work through an expression in the easiest, 
fastest way. Grouping together fractions that 
are easy to work with saves tons of common 
denominator time, and you can do the same 
thing with decimals, too. 


Grouping things in terms of how you want to 
work on them can sometimes help you get 
started on a tough problem, too! 


Q: Are there more properties? 


A: Yes - we're going to talk about two 
more in the next few pages, the commutative 
property and the distributive property. The 
commutative property lets you reorder items 
in an equation. The distributive property helps 
spread multiplication and division out across 
the equation (or pull it together into a single 
term, but we'll get to that later). 


Q: So the associative property lets me 
change the order of numbers, right? 


A: No - the associative property just says 
you can change the grouping of numbers that 
are added or multiplied. But you can’t change 
any orderings, or move numbers from one part 
of your problem to another. 

However, all is not lost, There is a property that 
will help you out with ordering: the commutative 
property. Once you get that figured out, you'll 
be able to reorder and regroup. Keep reading... 
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The associative 
property says 
you can change 
groupings in 
addition or 
multiplication, 
hut NOT with 
subtraction or 
division! 


c operations 


89 


re-order your problem 












It looks like Kate did more 
than just re-group things... she 
re-ordered things too. So is 

there a property that lets you 
move numbers around, too? 


You can re-order numbers as well 
as re-group them... using the 
commutative property. 

The commutative property deals with the 
order of the terms in addition or multiplication 
operations. The commutative property says 
that you can add the numbers involved in 
addition operations or multiply the numbers 
in multiplication operations in any order 
and not affect the value of your answer. 








She moved the whole numbers ae 
together, and she didn’t have Rs Ze 


mess around with improper \_ a it 
Fractions either. ee ae 2 


Sum it up 





value of the answer. 
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The Commutative Property - You can change the order 
that terms are added or multiplied without changing the 





Yate did something, 
feieky with the order 
of these numbers: 


easier: 





rules for numeric operations 


Who 


A bunch of equivalent expressions, in full costume, are playing a 
party game, “Who am |?” They'll give you a clue, and, based on 
what they say, you try to guess what property they use. Assume 
they always tell the truth about themselves. Fill in the blanks to 
the right to identify the attendees. 


am J? 





ma 


Tonight’s attendees: 


Any of the charming properties you’ve seen so far just might 
show up... and they may even work together! 


What property was used? 
(15 + 14) + 2 isequivalemtto 154+(144+2) 0 
2+8+16 isequivalentto 8620-16 2 2 
1 1 is equivalent to di 3| 7 
(BA) +(F4 5) Bearateos (P+ g)+ Be 
5(0.5 0.12) isequivalentto (5° O5)0.12 (0 occcecccccccseessvessesssestessvessveee 
127(16 + 0.177) + 16 + (4 + 0.23) 
is equivalent to re FET ET eee eee eT Ce Tee eee ee ee ee re ee er ey ye 
0.177(16 + 127) + (16 + 4) + 0.23 You may need 


more than one for 
certain problems. 





&}& BULLET POINTS 
= The associative property says you can move = You can’t use the associative or commutative 
parentheses around in addition or multiplication properties with division or subtraction. 
expressions without changing the answer. 7 


The order of operations always tells you what order 
= The commutative property says you can change you need to work through an expression. 

the order of the terms around in addition or 

multiplication without changing the answer. 
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property roundup 


A bunch of equivalent expressions, in full costume, are playing a 
party game, “Who am |?” They'll give you a clue, and, based on 
what they say, you try to guess what property they use. Assume 
they always tell the truth about themselves. Fill in the blanks to 
the right to identify the attendees. 


Tonight’s attendees: 


Any of the charming properties you’ve seen so far just might 
show up... and they may even work together! 


ly the parentheses 
ila this is associative: 





(15 + 14) + 2 isequivalentto 15 4 (14 + 2) 


The order changed here... 
this is commutative. 


28-16 isequivalentto 8-216 The commutative property 


This one’s a little tricky. The order of the two groups 
changed... but the actual groups stayed the same. 


(3 ° 4) + (3 am 1) is equivalent to (3 + 1) + (3 ° 4) 


a; i aver The commutative property 
rentheses moved, but 
eciiones “Sit associative. 
5(0.5 + 0.12) isequivalentto (5+°0.5)0.12 —...... The associative property 
127 (16 « 0.177) + 16 + (4 + 0.23) Deli cadets 


indatinelenkta,) Heve, the grouping change cree Romnmmebaive, Proper es. a, 


—— 
R____—__ butt so did the order of things. 
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rules for numeric operations 


Properties Exposed 
This week’s interview: 


The associative and commutative 
properties - who does what? 


Associative Property: Hi, commutative. Is 
everything all right? You look a little mixed up. 


Commutative Property: Ha, I get it. Mixing it 
up is my specialty. If you have some additions or 
multiplications, I can move the numbers around 
without causing any problems. 


Associative: Nice. I work with addition or 
multiplication too, but ’m not allowed to jiggle 
numbers around. I just work with parentheses. 


Commutative: Wait, aren’t parentheses the top of 
the food chain in the order of operations? 


Associative: Yes, and that’s who I work with. 
There are strict rules, though. I can’t mess with the 
order of operations or change the answer, so I can 
only move parentheses around if they are all around 
additions or multiplications. 


Commutative: Yeah, I have the same rules. I can’t 
change the answer, so I can only reorder numbers 
in addition or multiplication, too. I guess you’re not 
allowed to do anything with division or subtraction 
either, right? 


Associative: Right. Subtracting or dividing 
changes the answer, so I can’t change those types of 
groupings. 


Commutative: Same problem over here. Order is 
really important for subtraction and division, I guess, 
so I have to keep my hands off. 


Associative: You know, I think we need to clear 
something up, as long as we’re chatting here. 


Commutative: What? 


Associative: That both of us can be used outside 
of the order of operations without changing the 
answer. 


Commutative: Sure. I’m used to it, but I guess that 
can seem confusing. We work any time! Addition or 
multiplication, they can be regrouped or reordered at 
any point when you’re simplifying. 


Associative: Sec, we’re always helpful. Oh... 
before I go, did you hear the one about the addition 
expression that was wrongly accused? 


Commutative: It had its sentence commuted. 


Associative: No, what about it? 
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the final round 


P 4 | 
J I 


Kate Jack 


Math or No Math 


aed 


i a 
Jatk got one point last oun 
for wetting the problem right, 
but Kate got 2 for being 
right and fast. 








It’s an important round... 


The next round’s worth two points, which means 
the pressure’s on: you’ve got to judge the next 
problem correctly, or there’s going to be a real 
brawl over who wins tonight’s Math or No Math. 


The Order Of Operations 


Parentheses 






Exponents 






The problem’s worth a single point again, and 
there’s a bonus point for solving the problem as 
quickly as possible. Not only that, but both Jack and 
Kate know about the order of operations and the 
commutative and associative properties. 





Multiplication & Division 







S000 





Addition & Subtraction 






The Commutative Property 


You can change the order 
of the terms with addition or 
multiplication without changing 


the results. 





Problem #3 - The final round 


Simplify this: 
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rules for numeric operations 





BE the ju dee. 
Your job is to judge what Kate and 
Jack did. Mark up their work step by step 
to show how they each got their answer. 


Kate’s Work 
1 5 11 2 
12(5 + p+ 49) 43° 15 


ye 2{5) 
(2h 01232 ))32-15 


(HeAOrny eS 45 





(25) ASteA5 
a a Time: 45s 
AD 
J ack’s Work 

12(4 +2444) 43*— 15 

4 40,44 
ral abr AZ tag) +3815 
12(28)+ 32-15 

Time: 1m 20s 
Pe aay ca a 





Whe’s Heht? (Circle one or both) Whe's fastesf? (Circle one) 
Kate Jack Neither Kate Jack 
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another win for kate? 


BE, the judge solution 
Your job is to judge what Kate and 
Jack did. Mark up their work step by step 
to show how they each got their answer. 





Kate’s Work 
12(4 +8444) 43*— 15 
3° 6 12 
Instead of 
These i . — 4 2(5) F simplifying inside ea 
what's lext arter ( x zt ©) 2. parentheses, Kate 
Lhe denominators are Wg G+ iy)* 3° -15 multiplied each term 
canceled ou inside by 12. 
(4+40+41)+ 32-45 


All that was left was —(95)+ 32 ‘5 


to do the exponent and 49- : 
then add and subtract. >? : \S Time: 45s 





J ack’s Work 


Greer eee 
12[} +3 +49) 43° 15 


Jatk had to ere Here's wher: 


ee all the 42(=-+ M4) + 32-15 dealing, with all 


e Jatk lost: 
40 : these 
actions 2 fractions. 
with the same 
mi ‘ Z a 
denominators 12(25. + 32-45 The exponent 


is next. Time: 1m 20s 





Whe's Hehe? (Circle one or both) Whe's fastes{? (Circle one) 


Cjack > Neither Jack 
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rules for numeric operations 











Are you kidding me? Every time 
we figure out how to judge these 
things, Kate pulls out another trick. 


The distributive property lets you multiply over 
several numbers. (And it’s not a trick, really.) 


Kate got rid of all the fractions in one step by multiplying all 

her fractions by 12. That canceled her denominators. When you 
multiply everything in a group by the same numbers, you’re using 
the distributive property. Let’s take a closer look at what 
exactly Kate did... and how you can do the same thing. 





Kate’s Work 
Way Up Clase 

















Here’s Kate’s work, broken down even 
further. So what’s really going on? 


Kate on mea 1 ste + 3 |+ see 
each term 
inside the Kate didn’ t Change 


: anythin el 
nos, Y é . ++ 4202 + A299 ): 32- ‘5 this ie se at 











Here, an = 02 5 
plified ea (A224 2014) 2_ 
fpastios by So Ge Ae, 


dividing, - he 
denominators: ive Sars - 
e ign (1342 5. YSN), 32-45 


These factors . 4 


are all that was Oxon) + 32-45 


left after the Che went on with the 
SOO BaN were (4#40 +44) + 32-45 a order of operations. 
(25)*3°-\5 
2979") 
7 
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distribute, distribute 


Vistributing a value over a grouping 
doesn’t change a problem’s value 


When you take a value and multiply over a grouping, you’re distributing 
that value. The distributive property says that if you have two groups 
multiplied together, you can simplify the groups, then multiply; or multiply 
first and then simplify. 


Here’s the piece of Kate’s work where she used the distributive property: Here’ 
Here's the work if You simplif: 
Here’s what Kate did. She multiplied inside the Parentheses rau ee 
through First, then simplified. then multiply, ca 
=> > 










ee ee ol 
25+ §+ 1] 
The 12 outside 
the parentheses is 125 = a ae ih 
multiplied with each 
number inside the 12 ( p58) ] 
parentheses. 12 
25 


These two are the same — 
Ks inside the parentheses 
List or multiplying fiest. 


STONY, bass. hee at eS MACOOb Laie 
Dumb Questions 


Q: Can we multiply before we do the parentheses? Q: What if there is subtraction or division inside the 
parentheses? 

A: Yes. If you have a situation where you're multiplying two groups 

together, you can multiply and then simplify; or you can simplify and ® It doesn’t matter. You just have to keep the same operators 


then multiply. after you distribute a value that’s outside the parentheses. If a 
number is subtracted inside the parentheses, it’s still subtracted after 

Q: Isn’t the distributive property ignoring the order of the distribution. 

operations? 


Q: So parentheses don’t have to go first? 
A: No, it’s just knowing when you can work around the order of 

operations. Just like with the associative and commutative properties, A: Not if you’re multiplying what’s in the parentheses by a number. 
the distributive property is about working with problems in a simpler, In that case, you can distribute the number over the grouping. 

more efficient way. And these properties work with the order of 

operations, not against them. 
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G harpen your pencil 
IN 


rules for numeric operations 


It's time for you to practice your distributions. Take the 
expressions below and simplify them in two ways: by distributing, 
and by following the order of operations. Which way do you 


think is faster for each problem? 


2(4-24+11) 
C Wy 


Distributive Property Order of Operations 





Syn 3 
‘a algae 8) 


Distributive Property Order of Operations 





ie (h++a+ 3] y 


Distributive Property Order of Operations 


‘A 18(110- 80 +3- 22-10) \ 


Distributive Property Order of Operations 
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distributive dril! 


chp your pencil Your job was to take the expressions below and simplify them 
Dx Solution 


in two ways: by distributing, and by following the order of 
operations. Which way did you think was faster for each problem? 








( ) 7 tlo*20+a0+20) > 
ie Ay 20° 20 20° 20 
Distributive Property Order of Operations Distributive Property Order of Operations 
| 7 3 
a poorer md AG) 8Gis)+ Ga) +4G5) EO) 
| eae) 
call i a Sol tok tai: 
ee DP Scie ith eaten, phils el ene Pedal Pate eure 
Which way was faster? Why? Which way was faster? Why? 
__J think that using the order of operations The, order of operations was faster oc csse 
__.was faster sinee there were fewer stePs oe val because the fractions went AWAY: oo. ccccccseseeeesseeeeee 
sees There's Vo wight sence eeeeeeeeed . | Deen e cence eee e nee eee eeeeneenens SomieLines de ae - ; PY See eee eee eee eee eee eee eee 
Stoslé ea sia acm Lniks AL ai a 0 aa 
31 ) 
A 24 3 12+6 74 \ ¢ TeuiOe a ee 2210 
Distributive Property Order of Operations Distributive Property Order of Operations 
3 _o4l 5 _ 74-3 ~2420_1 
24S - Dh 4242-248 DA Set FO-38) 990-1440 454-396-180) I8(1) 
= 922420718. ea) ae ete sete are hee 
et Mints Nite uk? Wha aetitacen te ciatey -chaninnemiieanmiaine evalua ni esne ine 
Which way was faster? Why? Which way was faster? Why? 
we: | think that the distributive way was The order of operations was the faster way to. go... 
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rules for numeric operations 





The Commutative Property 


You can change the order 
of the terms with addition 
or multiplication without 

changing the results. 











roup a 
mul vo ren 








How am I supposed to remember all this? 
First there was the order of operations, and now 
there are all these rules... it's like a paragraph 

for each one. I'm supposed to memorize these? 







You can memorize some general 
equations, not a lot of text. 


Remembering all those sentences for each 
property is a pain... and this is math, not 
composition! Fortunately, we can turn these 
rules into some simple equations. 


But to do that, we need a way to represent 
numbers... we need constants. But what 
exactly is a constant? 
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constants siand in 


A constant stands in for a number 


ee 


: : : remember 
A constant is a term used to describe an unknown in an not easy to 
equation that represents a number that doesn’t change. In 


6699 


other words, a letter “a” on one side of an equation is the 
cc, 99 


same number as an “a” on the other side of an equation. The 
constant just represents a number. 


Constants are great for turning specific problems into more 
general ones because we can use letters instead of specific 
numbers. For example... 


it problem, and 





This is a very specif 
emit easy to remember: 






28+ 16 is equivalent to 8-2-16 Now, the specifies of the problem 
C are not specifie. This is a much 


Neale) easier thing to remember. 
We ¢an take 2, and éall 16%” 
we | call 8 “b --- 


member that we 


Go now we Can ve ; 
can rearrange numbers if they ve 


d This 1s the Lommutative 


At first, it might seem like these letters are just 
as hard to remember as a bunch of sentences. 
But let’s make things even simpler: 


_ wri eee Property A general equation 
or multiplication. 

Gee hea 1s just a way to 
< a+b=b¢+a remember rules 


that apply to 


This is the Commutative property 
acai all numbers in a 


certain situation. 
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rules for operations 


‘ + ¥ 


+ 
WHICH 1S. WoticH? 





You know more than you think... try and match each property 
statement to it’s name. Be careful, though... some of the property 
names are used twice! 


a(b+c)=ab+ac 


The commutative property 


a+(b+c)=(a+b)+c 


ar-b=b-a The distributive property 


at+b=b+a The associative property 


a(b-c)=(a>b)c 
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which 


._ Qg 


* 
we ce 1S. Woeticwe? 
Seov_vurTiaw 





Match each property statement using constants to it’s name. Some of 
the property names are used twice! 


Property name 


The commutative property 


The distributive property 


The associative property 
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The Commutative Property 


You can change the order 
of the terms with addition 
or multiplication without 

changing the results. 





The Associative Property 


You can change the grouping of 
terms with addition or multiplication 
without changing the outcome. 


The Distributive Property 


A number being multiplied by 
a group produces the same 


result by either simplifying the 
group and then multiplying, or 
multiplying each term within the 
group and then simplifying. 





rules for numeric operations 


The Commutative Property 


aultipliation 
a-b=b-a 
c. Additio, 
a+b=b+a 


The Associative Property 


multiplication 
a(b-c)=(a-b)c 
(?44ition 
a+(b+c)=(at+b)+e 


The Distributive Property 


a(b+c)=ab+ac 
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it’s all over 


Roll the credits... 


After going through Kate’s work, we figured out that 
she got all the problems right and was the fastest. 


© Kate solved the first question using the order 
of operations. 
After seeing what happened with Jack, everybody can’t just 
go their own way, so the order of operations is important. 


2 ] Kate solved the second question using the 
associative and commutative properties before 
applying the order of operations. 

Kate got done faster and smarter and could make the 
ms fractions much easier. 





¢ 
(enw 


© Kate got the third question right, faster, by 
using the distributive property first, and then 
the order of operations. 
Kate made fractions much easier by distributing. 


Jack was the runner up. He learned the order of operations from his first problem, 
but he needed some more properties up his sleeve to compete with Kate. 


O Jack got the first question wrong because he didn't follow the 
order of operations. 
Jack tried to solve the easiest parts of the question first, regardless of the 
order of operations... and completely missed the question. 


O Jack got question two right by using the order of operations. 
Unfortunately, Jack didn’t use the associative or commutative properties, so it 
took him longer than Kate to solve question two. 





© Jack got question three right, too, but he lost the speed 
competition again. 
The order of operations never let him down, but it slowed him down! 


Keep those judging skills polished... 
you never know when Math or No 
Math might need you again! 
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rules for numeric operations 


Propertycross 


Take some time to sit back and burn these properties 
into your brain. It’s your standard crossword; all of 
the solution words are from this chapter. 





a 
po 





Across Down 

1. x,y,z but subject to change 2. Means how many times you multiply a number by 
5. Tells you which computation you do first itself 

7. Ord. of Opers. 3. A fractional exponent 

8. The a,b,c's of Algebra 4, Property that lets you change the grouping 

9. Constantly commutative (includes =) without changing the results 

10. Associative property only works with addition 6. Property, addition, terms, multiplication, 
and. operations, order 


11. Property that lets you multiply each term ina 
group by the value being multplied with the whole 
group 


12. Different representation, same result 
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crossword solutions 


RR Propertycross Solution 


Seema ee 
epee fol rieter str ere 
oO oO 
T 


N 
tpt 
fe jojnisitjalNit|s Mmm A |e |=] 6] A 


T 


Ea 
ae ee 
V 


T 


BERR ROORRoGe oO 
V 
Pe}ajulijyjalijeiN| tr 
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rules for numeric operations 


7\, Tools for your Algebra Toolbox 
J 
This chapter was about numeric Qe POINTS —— 


properties that are important to 
understand in order to work with The associative property 


equations. deals only with grouping. 





= The commutative property 
deals with order. 


= The distributive property 
handles multiplication of groups. 


The or der all operations = =©The order of operations will 


always correctly simplify an 
expression. 


1) Parentheses 


= Avariable is an unknown that 
can change with the problem 











2) Exponents situation. 
sare = Aconstant is a known or 
© Laie unknown that does not change. 
and Division 
Addition and 


Subtraction 


The Commutative property 


a:b=b-a @(b+¢)= (4.5), 


+b=b+a 
a The distributive Property 


—P—— 
All of cw a(b + c) = ab + ac 


are good for numbers 


and unknowns: NN _ 7 
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4 exponent operations 


Podcasts that 5 Spread 
* like the plague 


that's a good thing...) 


* 













iTunes totally sucked 
me into podcast subscriptions. 
Now TI only turn the TV on to 

catch the latest Lost episode. 


Could you multiply that again? Could you multiply that again? 
There’s another way to express multiplication that’s repeated over and over and over 
again, without just repeating yourself. Exponents are a way of repeating multiplication. 
But there’s more to exponents, including some smaller-than-usual numbers (and we don’t 
just mean fractions). In this chapter, you’ll brush up on bases, roots, and radicals, all 
without getting arrested for any sit-in protests. And, as usual, Zero and one come with 


their own problems... so jump into a podcasting exponentiation extravaganza. 


this is a new chapter 111 
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podcast-palooza 


Addie’s got a podcast 












Addie, rodeast 








rroducer : 
extraordinaire 
, ap 
VL y — —_! 
Addie’s computer. 
Can you say 19872 
112 Chapter 4 


I've been producing 
my own Podcast, but now I need 
better quality gear... and new 
equipment is expensive! 


hem eccentrit 


Addie podcasts about crazy celebrities. 


Addie’s been getting a lot more listeners lately. To take 
it to the next level, she needs new equipment to deliver 
an even better podcast... but that takes a lot of cash. 


Addie’s got a website to host her podcasts, and she 
wants to advertise on her site to raise funds for new gear. 
She’s lined up some possible sponsors, but they won’t 
help out until Addie proves she can get some real traffic 
on her site. Addie needs to: 


@ __...monitor the daily hits on her website over 
the next 2 weeks. 


@ prove her site can generate at least 


5,000,000 hits in the next 2 weeks! 


Wow, that’s a lot. 
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exponent operations 


Let’s mobilize Addie’s listeners 


Addie knows she’ ; 
s got big fans. Here’ ; 
to send out to her 3 top ieieneaes sa letter she’s worked up 






Dear TOP 3 Listeners, 






I’m trying to get some sponsors for the podcast 








so we can buy some new equipment. There will be 








some advertisers tracking the hits to the site 








over the next two weeks, and we need to have 
5,000,000 hits ina single day- 










Please make sure that you visit the site today 










and send this email out to 3 more people. Tf 






everyone keeps visiting the site and emailing 3 
new people for 14 days, I think we’1l make zt 












Thanks, 






Addie from the StarTalk Podcast 





harpen your pencil 
a! eal 





Write down th : : 
the end of 14 at Ad figure out how many hits Addie will 
each day to visit nie ee of her 3 top listeners tells 3 Ha ae 
. Don’t worry about solving the equatio . people 
n for now. 
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repeated multiplication 


Gqsharpen your pencil 
~“! Msi 











Your job was to write down the equation to figure out how many hits Addie 
will get to by the end of 14 days, assuming each of her 3 top listeners tells 3 
more people each day to visit her site. 


Eath day, we multiply ae ots 
No. of hits = 3 times 3, every day for 14 days 3 more people Seem 

hits = 323+3+3+3+3+3+3+3e3-3-3-3e3 e_ Wow, that's a lot of threes... 
Come meme e meee eee eee eee EEE EEE EE EHD ESE EO EEE EEE ODED EEE D ERED ED ESE DESEO . and hard to keep up with. 















IM Chat: Exponents 


J! That equation is HUGE. 


Well, it’s 14 days, and if everybody who gets the 
email hits the site, that’s 3 times 3 for each day. 


Hmm, | don’t really get why... 


Here’s an image. Here are the first 2 rounds. 


























Ok - so the number of hits on day two is 2 
threes multiplied together. And 14 days is 14 
threes multiplied together. 











| keep trying to work this out with my calculator, but | 
keep losing count of how many threes I’ve put in. 
6 oe a better way to do that. Do you 


know anything about exponents? 
; 


— 

















Exponents are a shorthand way to show 
multiplication over and over again. It works with 
your calculator, too. Two numbers, not a row of 14. 
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Exponents Up Clase 
















Exponents are a special notation used to express repeated multiplication. ‘That’s 
just what we need to figure out Addie’s number of hits without counting a lot of 
threes: a way to show multiplying by 3 over and over. 


When you see a number with an exponent, it looks like this: 


This means multiply « 
by itself “a” times. 





The base is the number being multiplied (in Addie’s case, 3), and the exponent is the 
number of times you repeat it (in Addie’s case, 14). Those two numbers are all you need 
to put in your calculator, and you'll get the answer. 


De es se ee ae a ee Oe ae ee 8 et ee Trot ae 7 
l EQUATION CONSTRUCTION é. l 
if 
Rewrite Addie’s equation using exponent notation, and solve (using a calculator to get the “ 


number is a good idea). 
This is the equation for Addie’s 
| a website hits. 
hits = 3230303230303 03 030303030203 





Le lc lc CU Clt—eed 
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BQ eo Ae ns es gee oe —. oe pt 7 
l EQUATION CONSTRUCTION SOLUTION # l 


Your job was to rewrite Addie’s equation using exponent notation, and solve. ~ 


That’s 14 threes! 


hits = 3°3°3030303 0303 030303030303, 


3 is the base because it’s 
| the number being multiplied, Y ao 





hits = git IF is the exponent because that's how SS 
| Ren RC Pe SET LT ae REC aay EoOTE Sota Rang Cn Dee eT OURS many times: You: multiply. 3. by. itself,........coess sees. Me sndodevecenes eed | 
| Psa Over 4 million hits on the 14th day. | 


hes = 4782.,969 That’s awesome... but not enough. 
















That's not going to cut it. I 
need 5,000,000 hits to get 
sponsorship. I need some help! 





Whaddup, girl? 
T can help you out... I've 
got tons of friends, you 
know. Have you seen my 
Facebook page? 





\ \y Addie’s brother, Alex 
— 
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exponent operations 


Can Addie and Alex get enough hits? 


Alex has offered to send off another round of emails for Addie. He’ll start 
with 3 friends, just like she did, and try to help get 5,000,000 hits in 14 days. 


To figure out the total number of hits, you’ll need to figure out how to add up 
both groups that Addie’s working with. In chapter 2, you combined like terms 
to help Paul on his road trip, and this is the same idea. You may remember 
from chapter 2 that a term is any part of an equation held together with 
multiplication or division. Since an exponent is just a shorthand version of 
multiplication, that means exponential terms with the same base and 
the same exponent are like terms. 


With exponents, you can combine terms that have the same base. Let’s try that 
out and see how it works: 


Math Magnets 


Write the new equation for the number of hits that Addie and Alex 
will get. Will she reach 5,000,000 now? 


Addie contacts 3 friends... Now Alex eontaets 3 Friends, too. 


e 





Ase A to ¢ hits: TS Ms aba seTexhn dedi Caatvverte Daye yeTanerbuos ane jeTestmese’ sacs prdso co" elaudistie ale auchelnerslshajssciaressts aredetere wloedstans ofits, ete 
number ° ES Exponents with the 
h = 2( ) same base are like terms. 
h io 4 That’s the total 
— numbey- of hits 
Did they get 5,000,000 hits? 


9, 565, 938 


h 
Yes 
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multiplication or addition? 


foe \ Math Magnets Solution 


Write the new equation for the number of hits that Addie and Alex 
will get. Will she reach 5,000,000 now? 


Addie contacts 3 friends... Now Alex tontaets 3 friends, too. 


rts: eee AM is... sissies 
pumbe’ ok a Exponen dong th the 


same base are like terms. 





5,000, 000 






Wait. Why is that 
2(3"*) and not (3%*)?? 





Because (31*)? is multiplication, not addition. 


A term is something held together by multiplication, which 


hat th i lal i . 
means that the entire exponential term is treated as a group 3) is one term, 


When you group two like terms together, you’re adding those not two: 
terms together. But if you take those two terms and use 

exponents (that ? at the end of (3"*)*), then you’re multiplying, 

and that’s not what we want. Look: 


Remember — the exponent 


means You multiply. 
AG) +64J= 2(3'*) AK (3!4)2 = alt o alte 

This term ale ts means two of This is just another way to write 
term he same term, multiply 3'* by itself 2 times. 
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exponent operations 














Ok, so (3%)? isn't the right answer, 
but how would you work that sort of problem 
out, anyway? I guess we could write out a 
bunch of 3's in a big line? 


Well, that would work, but that’s a lot of threes... 


Writing out the multiplication by hand will work; it’s just not very convenient. ' 

Look how long this thing turns out to be: So many Ze 

(3)? = gu 2 gu 
=(3+3+3+3+3+3+3+3+3+3+3+3+3+3)(3+3+3+3+3+3+3+3+3+3+3+3+3-+3) 


= eae What's the final exponent? Count 
r___ them up and Fill this box in. 


But look, there’s a pattern! Here’s what this means: 


; f . it’ thin 
xt)" = eto __ Multiply 2°14, it’s the same thing 
a ae we did it the long way- 






We combined those exponents with like bases before. Is 
there anything else we can do with like bases? 


Exponents with the same base are LIKE TERMS. 
That means they can be added, subtracted, multiplied, and divided. 


Try division: 


34 3-F-BAV3-B FFF BB HBB 
32 3 +B +B Be ee ee a4 


B°3 
=3-3 ae If you write it out, You Can 


see how many factors you 
Can divide out. 


etry your pencil 
IN Write the general form to combine like terms. We've gone 


ahead and done the first one for you. 















Go back to writing the whole thing out i 
you need to, but you can Figure it out! 
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different powers 


harpen your pencil 
i Maton 





Your job was to write the general form to combine like terms. 









For division, you éan just subtract 
the denominator exponent trom 
the numerator exponent (it’s just 
a quick way to Figure out which 
ones You divided out). 





You just multiply the two 
exponents together... 


Start by doing it the long, way — it’s 16 threes. 


Alex is flaking out on his sister 





Addie, 


Sorry, but I totally forgot to 
send out that email for your 
podcast until today. I hope you 
still make it. 








Alex didn’t send out any emails to his friends until 
the third day. That means he only has 12 days to 
get the word out. Will Addie still make it? 
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exponent operations 


G harpen your pencil 


IN Now will Addie make it? Figure out how many hits she'll get since 
Alex's email only has 12 days to work, not 14. 





Write the new equation and solve it: 


Do the exponential terms have the same base? 


Civele one 


Will Addie still have enough hits to make 5,000,000? 
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harpen our pencil 
vr Paitin 


Write the new equation and solve it: 









Now will Addie make it? Figure out how many hits she'll get since 
Alex's email only has 12 days to work, not 14. 





I Alex has two fewer days, so that’s 12. 










= 5,314,410 


Do the exponential terms have the same base? No 


go But just by 314,410 
hits. [t’s pretty Close. 


Will Addie still have enough hits to make 5,000,000? (Yes No 


















Phew - Alex didn't blow it. So now, I really 
can just wait to hit 5,000,000. As soon as the ad 
company sees that ina couple of weeks I'm finally 
going to snag some gear. Hello, Apple store. 
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thereyareno 
b Questions 


pum 


Q: : Why use exponents and not just multiplication? 


A: Because it can save you a bunch of work. Writing out a value to 
multiply over and over again is tedious and leads to error. And when 
the numbers start to get really big (like an exponent of 14), they are 
just impossible to deal with otherwise. 


Q: Why do you need the same base and the same exponent 
to do addition and subtraction? 


A: Because they need to be like terms. Remember that 
exponents are a shorthand for multiplication. Because of the order 
of operations, you can’t add two multiplication expressions together 
without doing the multiplications first... unless you’ve got like terms. 
If the expressions are like terms, then you can collect them together 
into a single term. That’s exactly what adding exponential terms with 
the same base and exponent does! 


Q: Where are exponents in the order of operations? 


A: They're second. Since exponents are just a more powerful form 
of multiplication, they go before multiplication. So it’s parentheses, 
exponents, then multiplication and division. 


exponent operations 


Q: How do you work with exponents with different bases? 


A: We're going to be looking at those next. But fair warning, 
there’s not much you can do to make those problems simpler. If you 
have two bases, then there are two things that need to be multiplied, 
divided, or whatever. There’s not a good way to combine terms like 
that since you’ve got to keep track of both bases separately. 


: What happens if I’m dividing exponential terms and the 
exponent becomes negative? 


A: Great question! When you divide exponential terms, you 
subtract the exponents. This means that you could end up with a 
negative exponent. The good news is that this is easy to deal with. 
A negative exponent just means 1 over the positive exponential term. 
So: 

2" is 1/2, 

xis 1/x% 
..and so on. 
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dark days for addie 


There’s always a villain... 


The Movie Podcast heard about Addie’s plan to increase 
subsribers, and they don’t like it. The sponsorship Addie’s 
trying to get... well, it’s money out of the Movie Podcast’s 
pocket. So now they’re fighting back. 









Dear 





Top 4 Movie Podcast subscribers, 






The StarTalk Podcast is trying to steal 
advertisers from us! If they hit 5,000,000 hits 
in the next 10 days, our sponsor is going to 
leave our show. 















We need to fight_back! Don’t go to the Startalk 
page, and Startalk users, telling them 
not to either. everybody emails 4 people 
we’1l pull enough hits so that she won’t ae it! 


Le 













Thanks, 





Movie Podcast 





Every person that hits Movie Podcast’s 
page instead of Startalk Podcast’s page 
is taking away potential hits. What does 
this mean for Addie’s chances to score a 
new sponsorship deal? 
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Eee ee eee ee gt ee eee ee Fe NS Oe 7 


EQUATION CONSTRUCTION a 
é, 


; 


Since Movie Podcast is going to take away hits, how many will be left? Is Addie going to make it or 
| is she in trouble? 


| Write the new equation and solve it: 


Don’t forget about what y / 
| Addie and Alex already Bid’,  - eecic deve te eee aad een ema hint LA 8 AL Se Ls) 





| Will Addie still have enough hits to make 5,000,000? Yes No 


Civele one a! 


If No, how many more hits does Addie 
| need to get to 5,000,000? 


Write the equation in general form: 


How many different bases are involved? 1 2 3 


| | 
| How many different exponents? 1 2 3 | 
| | 
| | 
eee 
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Gi ee eh Ae es es ee ee 7. 2 a a 
EQUATION CONSTRUCTION SOLUTION 

Since Movie Podcast is going to take away hits, how many will be left? Is Addie going to make it, ~ 
| or is she in trouble? 


Addie’s orignial hits = i Alex’s email (two days late) 


w— Movie Podeast’s email: 





Write the new equation and solve it: h = 3!* + 37 _ 40 IO days left and 
Ut) Seat rete renee Pree enone rych aah ee epcaiet can cece anata ce eatediarl ¥ 
emails each. 
= b = b 
| hh oe ko AAT AY HOSED. . 
made enough of a dent 
| to push Addie below the ........ h = 4,265,634 Ge eee eae gat My ee ater Soka seaman nate | 


numbers she needs. 
| Will Addie still have enough hits to make 5,000,000? Yes | 
| Less what she has now | 
| The number of hits (thanks to the folks at l 
she needs ~\ Movie Podeast) 
If No, how many more hits does Addie 
| need to get to 5,000,000" enn 3000000 — 286,084 = TBM Bb | 
| Addie needs to Come | 
wp with over 100,000 


new hits! | 


Write the equation in general form: h = 3't 43/2 _ Alo 


These are the same from earlier — ae 
same base but different exponent 





| . . | 
How many different bases are involved? 1 Cy 5 3 
| | 


Sinee Addie and Alex sent theirs out to the same 


number of folks they have the same base i 

, m - Movie 
| Podeast sent it out to more people with less time. es 
l 


How many different exponents? 1 2 7? 


That's why we have three different variables listed for the 
| exponents. [+ also means that they can't be easily combined. 
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exponent operations 







Since those terms have different 
bases, they can't be combined as 


variables, right? 






Different bases = NOT like terms. 
Terms with different bases are not like terms (regardless of the exponent). 


They just don’t have anything in common. As exponential terms, they’re 
not multiplying the same number, regardless of how many times. = 
As we saw earlier, 


, ly like 
ey ve only 
ee if the base 


AND the exponent 


are the same- 


You can’t add exponents with different bases 
If we just talk about the bit of Addie’s equation that has two terms, it 
looks like this: 


This is just a pj 
Just a piece 
of Addie’s equation. 


You know that you can’t add or subtract these two because they’re not 
like terms. Multiplication and division don’t work either. Exponential 
terms being multiplied together just get written together, like this: 


ey) Sa ey 
} 


These are all same thing, just a 


written differently, but you cant 
tombine them at all. 










Why can't we just 
mush everything all 
together, like (xy)? 
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exponents firsi 


The order of operations says exponents FIRST 


You can’t split up bases and combine different exponents because each base has 


to stay with its own exponent. The order of operations says that exponents go 


before multiplication. That means the exponents have to be simplified before 


they can be combined with something else. 


OK 


xe) = x? oy’ = xy’ 


x x 


These are all ok 
because the exponent 


stays with the base. 


io RAIN 
TPOQWER 






sci ba ne 


pum 


Q: Do | really have to memorize all of these rules for working 
with exponents? 


A: No, because you can always work through these equations by 
working out each term separately. But if you can remember these 
rules, you'll be able to combine like terms and solve equations more 
quickly. It’s much easier to combine terms and do one calculation. 
That's a lot better than working out a ton of terms separately, 
especially if the terms can be combined because they’re like terms. 


Q: What if the bases are different and the exponents are the 
same? 


128 


Test it out with real numbers - try 3? and 4°. Can you show that (37)(4°) is not 
the same as ((3)(4))® without working things all the way out to the answer? 


This is NOT ok. 





Questions 


A: Well, there’s a /ittle bit you can do there. If the exponents are 
the same, then each term is being multiplied the same number of 
times, so you CAN mush them together, like this: x°e y* = (xy)? 

It only works because of the commutative and associative properties. 
This is all just multiplication, so you can mix up the order, and it will 
still work. 


Q: So what about that Brain Power? How could you show it 
without solving the math? 


A: You can do it with variables, so instead of 3 and 4, let’s use x 
and y. Then we have x’y? = xexeyeyey and 

(xy) ®'°!=(xy)=xy exyexyexyexyexy = Xexexexexexeyeyeyeyeyey 
You can just look at those two and see they’re not equal. 
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But what about all those hits I need? I need 
734,166 more hits, and I only have 9 days 

left. I can't lose that sponsorship, or who 
knows how many subscribers I'll lose, too. 


Addie needs another round of emails. 


But how many does she need to send out? Addie has only 
9 days left and she needs to figure out how many emails 
she needs to start with today to make up for the campaign 
that Movie Podcast’s running. 


We've got to work our exponent “backward” 


Let’s go back to Addie’s equation. We’ve got different 
information this tme: the number of hits we need and the 


ber of days left: 
number of days le Number of emails 
Per day per person 





no. of hits 


The number 
of days 


This is the general form 
of the original equation. 


—_ 


Now we fill in the things we know: 


TBA, | bb 


om 
Dita 9 days left 


734,166 = x! 


Now we need to solve for x. 










What do I do with 
that? I can't solve for 
a base. 
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roots are inverses, too 


A root is the INVERSE of an exponent 


We need an operation that can unravel an exponent. So when we have the 

exponent, what’s the base to get a certain answer? Well, that’s the root. When Addie's equa Teel 
you find a root of something, you’re finding the number that can be 

multiplied over and over to reach the final number. 


For Addie, we need take the ninth root of both sides of her equation. That 734, b6 = x! S ) 
will isolate x and give us a numeric value on the other side. 
We need the 9h 


root here. 


This is the equation ae 


we started with 734, 166 = x° 
; x 
<> We take the ninth root of both 


9/734, 166 = °/ x° oe neni exponent 
9/734, 166 


Xx 
We know this side needs to be x because 


the root and the exponent are the same, 
and they tancel each other out. 





















How did you figure out 
that crazy root? Do you have 
to be some sort of times- 

table genius? 


Rests Up Clase 


It’s time to pull out a calculator. Look closely—you can punch any root of any 
number in there and get a solution. Most calculators have a way to punch in both 


R_ 
Ask a teacher, or 
Let’s look at a little closer at roots: look this up in Veni 
caleulator’s instructions. 


a root key and the root you want (like 9 or 3). 


The little (index) nambfr Tht symbol is called 
shows how mary eat lied Lhe radical. [t means 
root needs $e MEME Lind the root 


Cin this ¢ase, 2. asset a a 


= a 4 (See the 
tonnettion?) 


C This is the root 








If you wanted to read this, you’d say, “The second root of nine 1s three.” ‘The 
actual root is three, and it’s the number that you multiply twice by itself to find the 
number under the radical. So, to find the ninth root for Addie, all you need is a 

calculator. 
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exponent 


G harpen your pencil 


IN It’s the moment of truth. How many more emails does Addie 
need to send out? Is there any way she can pull this off? 





Is there any way she can pull it off? 
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exponents and roots 


tape your pencil 
IN Solution It’s the moment of truth. How many more emails does Addie 


need to send out? Is there any way she can do it? 





Punch this into your caleulater and ne 
you'll get a number you can use. 
{734,166 = x 


This number goes on and on, but 
this is enough to get the idea. 


She needs to send out 5 emails in the first round. 


How many emails does Addie need to send oUt? ee eee ee eine eecicce ret nnecctnesee tna sbetrectucrenatveetaaesess 


is i h of those situations where you . 
ee “bint shod the context of the problem. _ She needs more than 4, so that’s 


The answer here isnt 4484-9 emails. ee | 


Is there any way she can pull it off? 


Addie ean also veeruit more of Alex’ 
| ex's 
ce Friends if she needs people to send mail to. 


5 friends? No problem... 
T'll get those mails right out. 


9 days later... 


You've helped Addie land a big check! 
Addie’s site cleared 5,000,000 hits, no problem. Her 
sponsorship deals on, the subscribers are pouring in, and 
Addie’s off to get some great new gear from her local 
Apple store. Next up... a video campaign on YouTube! 





4 
Gh, 
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Q: Just put the problem ina 
calculator? Is that for real? 


A: There are actually several ways to find 
roots of numbers. There are tables where 
you can look them up, there’s even a way 

to find them by hand that looks like long 
division. But honestly, they’re all really old 
school. For most folks, a calculator is perfect. 


Another way to get near the root of a number 
is to remember the perfect squares (2x2=4, 
3x3=9,etc.). Then you can get an idea of 
what numbres might at least be close to 
what you’re looking for. 


Q: What’s the inverse operation of 
exponents? The radical? 


A: Not quite. It’s finding the root. The 
radical is the symbol for the operation. It’s 
just like the dot symbolizing multiplication. 


Q: What if | see a radical without an 
index number? 


A: Assume an index of 2. That’s the 
square root. It’s convention that if there isn’t 
an index, then the equation is talking about 
the square root. 


Q: Can you have a fractional 
exponent? 


A » Yes. That simply means you should 
take the root of the base. For example, if 
you see 1/2 as an exponent, it means square 
root. 1/3 would be the third root, and so on. 


thereyareno 
Dumb Questions 


Q: My calculator doesn’t have a 9th 
root button, what do | do? 


A: You can write a root as fractional 
exponent. So, a ninth root can be written 


as 1 [734,166 or 34,166? 


Most calculators have an exponent button. 
So you could just put in a root of (1/9) and 
get the same answer. 


Q: Will | ever need to solve for an 
exponent and not the base? 


A: Not anytime soon. There are more 
operations out there that you can use to do 
this sort of problem, but they’re well beyond 
this book. Don’t worry about it for now. (Isn’t 
that good to hear!) 


Q: What about an exponent of 0? 


A: Any number raised to the 0 power is 
one. Why? If you go back to the division 

of exponents, you subtract the bottom 
exponent from the top exponent. If you end 
up with the same term on the top and the 
bottom, then it’s the base to the 0 power. 
That’s always the number “1.” 


Q: What about an exponent of 1? 


A: Any number raised to an exponent of 
1 is itself. That means an exponent of one 

is implied over EVERY number and EVERY 
variable. It can come in handy sometimes to 
know that. 
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exponent 


Q: Can an exponent be negative? 


A: Yes - it means that it’s the exponent in 
the denominator. So X-* = L 

x 
That ties right in with subtracting exponents 
again. Since there’s no exponent in the 
numerator, it’s a negative exponent. 


Q: Can you use negative exponents to 
get rid of fractions? 


A: Yes. If you have an expression with 
fractions in it, you just rewrite the expression 
with the denominators as negative 
exponents. This really only helps if you find 
working with exponents easier than working 
with fractions. Of course, some people prefer 
that, and it’s a perfectly okay way to work. 
This also works the other way: if you think 
fractions are easier than exponents, just pull 
out all your negative exponents and rewrite 
them as fractions. 


Q: I’ve heard of something called the 
principle root. What’s that about? 


A: When we talk about finding roots, 


we're actually talking about finding the 
principle root. That's the positive root of a 
value. There are other roots to numbers, too, 
though. The most common is the negative 
root. For example, the principle square root 
of 9 is 3, but -3 is a square root of 9, too, 
since (-3)(-3) = 9. 
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exponent cross! 


Exponenteross 


Raise yourself! Can you get all the words? 
They’re all from this chapter. 





id 





Across Down 
2. Any number raised to an exponent of zero is 1.A negative exponent means that the exponential term can be 
4. Exponents are a faster form of written as a 
7. The number of times that the base gets multiplied is the 3. Another word used for exponent is 
8. Any number raised to an exponent of one is 5. Exponents with the same base and exponent are 
9. A fractional exponent is actually a 6. The number in an exponential term that gets multiplied 


10. The inverse operation of an exponent is a 
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exponent 


+ e- 4, 


+ 
WUuUS BAES WHAT? 





We've written the exponent operations that we’ve been talking about in 
terms of general variables. Match each expression to it’s simplification. 


Variable problem The simplified version 


xa 


The expression 1s 


already simplified. 
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simplify the expression 


+ + G&G + 
WHE DOES WwHaT? 
| SOov.o;Tidaw 









We've written the exponent operations that we’ve been talking about in 
terms of general variables. Match each expression to it’s simplification. 


Variable problem The simplified version 


b 
x" ‘ x e pain an exponent 
ae 


X to an exponent is just 


more multiplication. 


2x4 
Since these ane 
not the same 
base and the 
Sdme €xPonent, 
there’s nothing 
elS€ You Can do 


Here you add, 


remember? 


tae 


\ ae b Subtraction works 
here because you have 
the same base and the 

Just combine iat Coenen it 


like terms. 


2x? — x? 


These are not the The expression is 


same base or the already simplified. 
same exponent, so b 

there’s nothing you y 

tan do here, either. 4 
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exponent operations 


BE the calculater 


Your job is to play calculator and crunch 
the numbers like your calculator would. ; ; 
You’]] need to apply what you just 1,467 + 1, 856 =— 
learned about negative exponents 
pi FE ER ee 
since you're playing calculator, slasitone vias lasts vig ates Sine Aa atactats Gutlawies Poishae lel otis eae ie Se 
don’t use one! 


Just remember your exponent 
properties... 







in vals 
Feel free ies pies “a 


2°.-2°= 
Try and come uP 
with two ways to 
approach this one. oO a3 
5 ee od 
There are a few 
different ways to do 
this one too — come up 
with two if you Can. B 
1 1 
33 + 33 tas os eduaierdistarnisia wea Sete eMarg dee sada a een eae oui caas SoM ah eagle sea ous whaleoaiune sea woah fale the sae emacs 
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be the calculator 


BE the calculator Any number to Any number raised to 


Zero is one. one is itsel*- 








Your job is to play calculator and crunch \ 
the numbers like your calculator would. v J 
, You'll need to apply what you just a ae a at eee 


learned about negative exponents 1+1@56= = |,657 
PE eR 
since you're playing calculator, she doe etate baste aes dee aihies ete Us ats Gatpida Vida eins aus de ea Sus 
don’t use one! 


All there is to do is sim 


lify th 
These numbers can't be added C exponents and then ee : 
without being the same YY oy 
cegonent and te same BBE DP OF WD DDD a 
When lou m Iti | 
m the same base or You multiply exponents, 
ee mens but that's of Y a you Can add them up first. 
\ 
sinte we re rel tiplying: 2? .2= 2743 = 2° = 32 
The thing to remember to do 


+ have to do all here is subtract the exponents. 





You didn re a 
this) bout eke ‘ G 5l-4= I = a 
nt oft 5 Then, j 
Lew vid) a ge 9G hen, just treat that negative 
5 Tries Cer ceri reer rere eee eee TOT TION ROT kirk exponent ‘as a" dénominat Ae ‘Leactional 


67-1=57=004 notation or decimal both work). 


tive Th It ; 
te the fractions as nega ¢ result is that i 
ase and since they have a negative exponen t ou wi get 
Peis sh a few the same base and the — 
die aprent ways 42 cyponent, they are ike berms 
n 10. 
SS ate S0G7) = 2(5)= Es 
33 a ee a a a Dl scot esthit 8 bt otttt laine 
2 2 £— You Lan recognize them as like 
a 94 terms as frattions and add 
St tad Dt ie | eee them firsts then simplify occa 
as + ul = 2 : You could simplify them first, 
27 27 «#21 without taking advantage of 
Soi geo teee A Siauevece daa Ticdac is enc en oet tone shea ctv RPOnend Vales acces ee 
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exponent operations 





KR Exponenteross Solution 


__ i 
PO} NE | 
NL 


0. Ka 
Miultititie iii alr ton 
At Ww 
PONENT 
ee 
Rio jot 


a 


€ 
x 
2 
oO 
NU 
ia 
NU 
TT 
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exponent toolbox 





— POINTS 





This chapter was about 


equations. 


Exponential terms 


exzone” 
base ok 3” Limes: 


[ ZA 
This means multiply * byi sf 7 yi 


r2\, Tools for your Algebra Toolbox 


numeric 


properties that are important to 
understand in order to work with 


eX -* 5 Aa x (x2) = ya 


—i=SO 
= | 


These are th 


operations fo 
base and different bases. the same 


were 


€ general forms fo, €XPonential 


Y €XPonential terms of 








Exponents are shorthand for repetitive multiplication. = To multiply exponential terms with the same base, just 


The base is the number that gets multiplied. 


add the exponents. 


= To divide exponential terms with the same base, 


The exponent is how many times the base is subtract the exponents. 


multiplied. 


To add or subtract terms with exponents, they must 


To raise an exponential term to an exponent, multiply 
the exponents. 


have the same base and the same exponent. 


Adding and subtracting those terms is just combining 


like terms. 


Rules for dealing with exponents apply to numbers and 
variables. 
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5 graphing * 


“A picture’s worth 
*1,000 words * 


T'l capture a lot more than 
asmile with this snapshot, 
just you watch. 





Sometimes an equation might be hiding things. 

Ever looked at an equation and thought, “But what the heck does that mean?” 
In times like that, you just might need a visual representation of your equation. 
That’s where graphs come in. They let you Jook at an equation, instead of just 
reading it. You can see where important points are on the graph, like when 
you'll run out of money, or how long it will take you to save up for that new car. 


In fact, with graphs, you can make smart decisions with your equations. 
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yard mowing and financial planning 


Edward’s Lawn Mowing needs help... 


Edward has been running his own lawn mowing and bush 
trimming business for a couple of years now. 


Here’s what his business looks like now: 
+ Edward charges $12 per lawn. 
* Edward has 7 current weekly customers. 
* Edward mows each yard once a week. 


+ Edward gets paid weekly. 





WWMM haw Edwward’s LaWn SerViCE snsmsnmsnonn 


Edward has a list of new things that he wants to buy so he can 


Edward’s dying ‘foe expand his business—he’s thinking long term. He’d like to find 
Some enhancements ts out when he’ll be able to purchase each of these items: 
'S mower. 

Na % Blade sharpener: $336 


% Hedge trimmer: $168 


% Bagger attachment: $504 
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\i\\ wy BARBELL 


graphing 






T need some help. I've got 
to do some planning, but I've 
got no idea how to do that... 





Edward needs help to SEE what his 
financial future looks like. 

Ed wants you to help him plan out when he can make 
future purchases, help him decide how fast he needs to add 
clients, and get his business financials organized. 


You have all of Ed’s information, his income and his 
clients, and a list of things he wants to buy. Sounds like an 
equation just waiting to happen... 


BRAIN 


Using the information that Ed has given you, 
figure out the general equation for his income 
over the next weeks and months. 

«c” Lor 


eks. 


Use the letter » 
a“t for 
£ _ 


eee Just do your best, and turn 
the page when you're through. 
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general equations rock 


BRAIw~w 
\i\ ww BARBELL SOLUTION 


Using the information that Ed has given you, 
figure out the general equation for his income 
over the next weeks and months. 


This is what ¢ 
This is how much Ed has made over eall it “4” han 


some length of time, call it 4 On 


Ses, we ll 


(for time). 


he makes 12 Pee | 


C= (1D 


Now Ed can know what his cash is at ANY time 


The general equation that you’ve written can work in two different ways 
because you have two variables. If Ed has a time when he wants to know 
how much money he’ll have, you just substitute that time for ¢, and solve 
for C’. Or, if Ed knows how much money he wants, you can tell him 
when he'll get there by substituting the amount in for C and solving for €. 







So when can I get 
that hedge trimmer? 


Substitute for C, solve for t. 
Just substitute the value of the hedge 
trimmer in for C'and solve for #. 


Ed’s general tash flow equation 


The hedge trimmer C = 84t 


costs 71/68. 
Ss 168 = Bat 
8 8 


WN this | 
ae Colts =t This is how many weeks Ed 
needs to eut lawns to get his 


hedge trimmer. 





Z dwemsuy 
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graphing 









Ok, great. But what about the 
blade sharpener? Or the bagger? 
I need to know when I can start 
thinking about those, too. 


“9 @ 










G harpen your pencil 
IN Figure out how many weeks it will take for Ed to earn enough 


for the blade sharpener or the bagger attachment. Then Ed 
will have an idea of what he can do. 





Time for a blade sharpener: 
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ed’s financial future 


harpen your pencil 
Qr Paitin 










Figure out how many weeks it will take for Ed to earn enough 
for the blade sharpener or the bagger attachment. Then Ed 
will have an idea of what he can do. 





Time for a blade sharpener: The blade sharpener will cost #336, so that’s C. 


This is exactly the same process we did 336 = ot 


before. We plug, in how much cash E. 64 
d needs ot 
seetestess add gn «ee lve for’ number of weeks, 4. ies Bika aig ii asin. SCH de ei Oh ww WOR: 8a. a psa a0 j6 Waijace fone /ataher wile Mise. /OVeSyalG ceils, Plac dw 0 es eels See ale 












Ok, so 4 weeks to save up Ss 


See e eee e eee e eee e cent cece ee renene for the blade ‘sharpener. Penns nnn nnn nn i cc rc ck ici 
pener 


Well, it makes sense that it would take the 
longest to save for this one, the bagger is #504. 














Great, we get it, okay? And if Ed wants a 
edger, we do it again. New blades, again. And the 
next thing, and the next thing... isn't there a way 
to NOT do this over and over again? 
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graphing 


Why don’t you just SHOW me the money? 


What if we could come up with a way where we could look up a value, like the 
amount an accessory costs, and then see what t was for that amount? In fact, there 
as a way to show all the possible “what if’s” that you can have for an equation. A 
graph allows you to draw all of the possible points for an equation and then look 
up different points as you need them. 


Then you can see how much money Ed will have at any given time and tell him 
if he can afford something, without having to solve that same equation again and 
again. Let’s start by taking the information we know and drawing it on a grid: 









These are the 
flow l= numbers that 
On you ve alread 
Figured out. 


Item | Price (j ) 


Blade 
sharpener 


We tan dvaw these Hedge 





4 weeks 


ants — Called ; 
a te paints 2 Lrimmer . 
plo st Seseesecteed eee e cbse see Plot the other two points to 
on a grim Bagger see if you can get a better 


idea of what’s going on. 


C (Ed's cash) 


500 
450 
Eveball ; 
400 bot te ye ¢-336 should 
350 Y Week line | © om the # 
@ (4, 336) 
300 po 





—————> Answers on the next page. 
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connect the dots 


Now we can LOOK at Ed’s cash pattern 


C (Ed's cash) 
500 ' i @- 504) 










Item | Price (3) 


Blade + weeks 
sananpenen | 3 
Hedge oe i 
trimmer 
Bagger a A 













Big deal. How does a bunch of dots help me? I 
still don't see any way to find out when Ed wants 
to buy something that's worth, say, $245. 










What about points that aren’t plotted yet? 


We need to find values for dots that aren’t yet on the grid. But look at 
the points you’ve already got... they seem to be in a straight line. If 
you draw a line that connects all of those dots, you'll be able to use it 
to figure out different time and cost values. 


Like, say, when Ed can afford that $245 pair of noise canceling ear 
buds he’s been checking out. Let’s draw a line, and then look up 
where $245 crosses our line. 


Draw a \ine through the 
points: Go ahead. 
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Graphs show an ENTIRE relationship 


Once we add the line to the picture of the points that we’ve figured out, it turns out we’ve drawn a 
graph of the relationship between C (Ed’s cash) and ¢ (the number of weeks he’s been cutting grass): 


C (Ed's cash) 
6-(b,-50%) 


6 (4, 336) 


These ave 
\ the same Points that 
we plotted earlier 





t (weeks) 
1 2 3 4 5 6 7 8 9 10 





There’s something else that covers the entire relationship 


We also have an equation that covers the entire relationship between C and #: 
C= 84t 


It turns out that what we have—the graph with the line and everything—is 
actually a graph of the equation. It shows us the equation and lets us look at 
how Cand € are related. 


On top of that, this graph shows a trend for the equation: the general direction 
that the relationship is heading. Ed’s graph is trending upward. That means he’s 
going to have made more money as time goes on (meaning he’ll keep moving 
lawns, save more cash, and so on). 


Now, when Ed wants to buy something, he can just look up the value for C he 
wants. Let’s see exactly how that works... 
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graphing 
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graph your equations 


BE the planner 

Your job is to c financial planner. Use 

your cashflow graph for Ed to figure out 
A when he can make some future purchases. 





You should not need to do ANY 
computations this time - the graph 
h, z4 will do the work for you! 


C (Ed's cash) im |i 
ae 6b, 90%) 


C= Ott 


| M4, 336) 


22, 1b@) 








How long unti] Ed can get those $245 noise canceling ear buds? 


Don't get freaked out about exact numbers 
here — just get to the closest week. 
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Q: Is the graph of the equation the line 
or the points? 


A: Both. A line is made up of an infinite 
number of points. So the points that we 
computed for Ed were just a few from the 
relationship. Once we draw a line, that’s the 
graph of the entire equation. 


Equations and graphs both demonstrate 

a relationship between variables. In this 
case, the variables are C and t. Graphs and 
equations are just different ways of showing 
the same thing. 


Q: How do | know where to plot my 
points if they don’t fall on an exact line 
on the grid? 


A: Don’t stress! Just look at the numbers 
on the axis (that’s the line at the edge of 

the graph that tells you what numbers go 

on what grid line) and estimate where your 
point should go. As long as you're consistent 
about being close, the graph will be good 
enough to use. 


Another thing to think about is that graphs 
won't always be as big as Ed’s is. He’s 
thinking pretty long term. If you’ve got a 
graph that you can work with just between 
0 and 10, for example, it’s going to be much 
easier to be exact with that smaller range of 
numbers. 


thereyareno 
Dumb Questions 


Q: What’s is exactly is a trend again? 


A: A trend is just the general direction 
of a line. If a graph is heading upward, that 
means that as one variable increases, so 
does the other. And if the line is heading 
downhill, as one variable increases, the 
other variable decreases. 


Q: How do | know which number to 
plot using the bottom axis, and which 
number to plot with the side axis? 


A: Usually, each axis on your graph is 
labeled, like “time” or “number of weeks” or 


“Ed’s cash.” Once you see that, you'll be able 
to plot each value along the right axis line. 


If not, you should label them! If your 
equation is in terms of x and y, then the xis 
horizontal and the y is vertical. In the case 
where your variables are different, hang 
on—you'll be learning how to identify the 
structure of a linear equation, and then you'll 
be able to see which variable is acting like 
the x and is horizontal. 


graphing 


Q: Can a graph show any variables? 


A: Just like with equations, you can 

use any variable you want. x and y are the 
most common, with x typically being on the 
horizontal axis, and y on the vertical axis, 
but you can use anything you like. 


Q: Do we have to figure out the points 
first every time? Or can we just draw the 
line right away somehow? 


A: You don’t have to always plot points 
first. We’re going to learn some methods 
that you can use that don’t require ANY 
computations at all. Then, you'll be able 
to graph an equation by just looking at the 
equation. But you’re going to need some 
more information first... 


Q: Can a graph show any variables? 


A: Just like with equations, you can 

use any variable you want. x and y are the 
most common, with x typically being on the 
horizontal axis, and y on the vertical axis, 
but it can be anything. 


A graph and an equation are just 


different ways of looking at a 


relationship between two variables. 
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project the future 


BE the Planner solufjon 
Your job is to play financial planner. Use 
‘ your cash-flow graph for Ed to figure out 






i) 


when he can make some future purchases. 
You should not need to do ANY 
computations this time - the graph 
will do the work for you! 











C (Ed's cash) 
500 


400 
A new blade is ue 






For the ear buds - > 
start at 7249 here 
and read down 
the line 


How Jong unti] Ed can get those $245 noise canceling ear buds? 


After 3 weeks 
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graphing 










Ok great, now I can 
see what's coming up 
and plan some expansion. 





The graph gives you all the answers. 
Just by looking, you can let Ed know the details about 
when he can afford things. Now he’s going to get 


started with his mowing season and save up to buy 
new lawn accessories. 





C (Ed's cash) | fo-™ biases 


C= oft 





| blade sharpener 
@ 
Earbuds 
t (weeks) 
> 
1 


But sometimes things change... like 


hurting your leg in a freak weed 
whacker accident... 
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new circumstances, new equations 











I broke my leg running over a 
pothole, and it’s going to be 10 
weeks ‘till my cast comes off. But 
my customers need their grass cut! 


Ed needs to subcontract. 


Ed can’t afford to lose all of his customers 

this early in the summer. He’s only 3 

weeks in and will be out of commission 

for 10 weeks. Luckily, his brother agrees 

to help him out... for $19 a lawn! <————_ Fy), bestia 


Even though Ed only gets $12 a yard, knows that 
Ed’s desperate, so he’ll have to make up Ed is stuck! 
the difference on each lawn out of his 

own pocket. 





Ed has 3 weeks worth of lawn 


mowing, money in the bank now--. 


A new situation needs a new equation 


Ed need to know how much money he’s got in the bank and how long he can afford to 
pay his brother. Ed was charging $12 a lawn, and his brother costs $19, so it’s going to 
cost Ed $7 extra per lawn until his cast comes off. 


O Can Ed afford to pay his brother and keep his customers? 
You need to work up a new graph showing Ed’s new situation—paying 
money instead of making money—for 10 weeks. 


© Will Ed run out of money before his cast comes off? 
This is only a 10 week situation, but Ed doesn’t have a ton of cash. At 
the end of the 10 weeks, what will Ed have left? 
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graphing 


Work with Ed on a recovery plan. You need to figure out what Ed has, what it will cost him to hire 
out his brother, and when Ed will run out of money. 


Exercise 





Use C and + like we did before — but You 
also need to keep in mind how much money Ed 
started with’ ‘and “subtract what helt ‘speiid. Peer e ee eee Teer eee eee eee ee eer eee eee ee eee ee ee ee eee ee ee ee eee ee ee eee ee ee ee eee 


When does Ed run out of money? 


That will happen when C=0 


Will his cast be off? (circle one) Yes No 


If Ed will still be in a cast, how can you figure out how far into debt he’ll go? 


Just jet down some ideas — no numbers or 


anything bege ways you could Figure it out. 
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equations predict the future 





E: RciSe Work with Ed on a recovery plan. You need to figure out what Ed has, what it will cost him to hire 
ad out his brother, and when Ed will run out of money. 
QOLUtION : 






eee Ed's Cash = Ed's savings + Ed's income — Ed's brother's coste— 
Ed made 7°12 a week for 3 Ed’s brother = 19 per lawn? 7 = 133 
This is “C.” weeks, that’s 3°7°12. = 252 





A lag 
C= 252 —-49t 

When does Ed run out of money? O0=252 —- 454 

ee te sashats F a SBT eg cael arb cts ia aeeuseatn ora bh HOLA SLY tad aT aN es 

the t will be when that happens. 49t +0 = 252 - 4a + 4At 

49t = 252. 

Tin ‘dedimal “goes pa foi 3 while; but ik doesn't ieee we Sele 7 oe ee ETTETR STEER REET SRE CERNE CRT eee a 
matter. What you're after is the number 
weeks, $0.9 is the answer we need. ee S142 


Yes w— Ead’s east is staying on for 1O weeks, so 


he’s only going to be halfway through that 


before he’s out of money. 


If he'll still be in a cast, how can you figure out how far into debt he’ll go? 
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graphing 






How can I see how far into debt I'm going? 
Can you make me another graph? 






GRAPH 
Ir! 





Draw a graph of Ed's new equation. 


C=252 —- 494 
If C =O, then t = 5142 
You need one more point, so you can draw a line. Try setting t = 0; it’s easy 


to solve for. Once you plot those two points, you can just draw the line, 
and that’s the graph of the equation. 


Here's some workspace 
if you need it. 


C (Ed's cash) 
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graph it 


GRAPH IT! 
SOLUTION 


Draw a graph of Ed's new equation. 


C=252 —-49t 
If C=O, then t = 5.142 


You need one more point so You Can draw a 


line. Try setting t = O; it’s easy to solve for. 


C=252 —- 494 
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t (time) 
10 Ed gets his cast 


 _ of f at week 1O — 
So how much will he 
owe? Can we read 


this of f the graph? 





graphing 












We heed to expand the graph to read 
that last value, right? If the C values went 
lower, that would work... but he's in debt, 
so C will be less than zero. 


The Cartesian Plane allows values to go BELOW zero 


Lots of graphs need to show negative numbers. The math standard for a 
graph is called the Cartesian Plane. Using the Cartesian Plane, both 
of the axis values can go negative, which means your values can also be 
negative, or less than zero. 


Here’s what the Cartesian Plane looks like: 


— is the 










This is the —axis 
quadrant. numberyot 
a bee 
8 Quadrant one 's 
7 where all of the 
Il 6 | values for the 
Quadrant two is 5 graph are positive 
ane the x Values 4T This is the origin, 
y Rl a and the 3T the very center of 
meee Positive. : the graph Ly Ts ie the 
x 


K—-anis 
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 


Ill 3 

4 
Quadrant three is 5 
where all the values -6 


are negative - * F 


and Y 


12 3 45 67 8 9 10 


IV 


Quadrant four is 
where the x values 
are positive and the 
Y values are negative. 


We need negative values 


for Ed’s debt equation... 
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the cartesian plane 


Let’s graph Ed’s equation on the Cartesian Plane 


Just because we started with a smaller portion of the plane for Ed’s graph doesn’t mean 
we need to stay there. If we put Ed’s graph on the Cartesian Plane, we’ll be able to read 
off the value we need and figure out how far Ed is going to go into debt. 


When we first started with Ed’s graphs, we just made up a grid and plotted the points 
we knew. Each point was actually an ordered pair: one number followed by another 
number. We write those like this: (0, 252). The first number 1s the horizontal number, 
the second is for the vertical, and the parentheses say the numbers are connected. So 
each point for Ed’s graph is (€, C), where # is time, and C'is Ed’s cash: 


On the standard 


C (Ed's cash) Cartesian Plane - 
this is the y-axis 









Ce eerie For this poing 
int, You 


need t, 
and up te oO 


T Ordered Pair 


(5, 0) . (weeks) 





On the standard 
Cartesian Plane — 
this is the x-axis 





-10 -9 Ag oD 





8 *7 -6 +5 


Ed’s graph has two INTERCEPT points 


A linear equation is an equation that expresses a relationship between two 
variables—ike the relationship between Ed’s cash and time. The line that 
represents a linear equation has points where it crosses the x-axis and y-axis, 
called intercepts. 


Where C = 01s the é-intercept, which 1s where the line crosses the ¢-axis. And 
where ¢ = 0 is the value for the C-intercept, where the line crosses the C axis. 
These intercepts are usually called x- or y-intercepts because x and y are the 
standard labels for the horizontal and vertical axis lines. 
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graphing 







Hey, how can you just extend the 
lines into those other quadrants? We 
don't have any points to plot over there. 







Lines go on forever. 

After you’ve figured out any two points for an equation, you can draw a 
line through those points, and you’ve graphed your linear equation. But 
lines don’t just stop. If nothing changes, they’ll go on forever—to infinity. 


It makes sense that two points make a line, but why? Because to be a 
specific line, you need a point and a direction. If you plot just one point, 
you can draw lines in all different directions that go through that point. 
Once you've picked a second point, you know which direction that line 
has to go to hit both of them. 


To graph a straight line: 


Qe Plot two points that satisfy your equation. 


@ Draw a straight line through (and past) your two points. 
Lines go on forever in both directions, so the line you draw has to go 
past both of your plotted points. 


© Add arrows on both ends of the line. 
The arrows indicate that the line goes past the part of the equation 
represented on your graph. 


The truth about linear equations... 


A linear equation is an equation that defines a line. That means any equation 
of this type, when you graph it, will produce a line. You can identify a linear Cr C= 752 = oe 


Ed’s equation is linear: 


equation by looking at it: if it has one or two variables, those variables have an 
exponent of 1, and all of the terms are constants or constants multiplied by 


The cS are A either 


variables, it’s a linear equation. ome of the two variables 
Once you have looked at an equation and determined that it’s linear, plot two multiplied bya constan 
points and draw your line. Start by setting one variable to 0, and solve for the or just a cons 


other variable. Then flip the variables: assign the second one to zero, and solve 
for the first. This will give you your two intercepts. ‘Then you can draw a line 
through the intercepts, and you’ve got your graph! 
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bullet points and questions 


Q: Why are intercepts such a big deal? 


A: Because they are one of those 

things that makes life easier. Ever noticed 
that when you throw a zero into the mix, 
equations seem to get easier? Since the 

x- and y- intercepts both allow you to set one 
coordinate in an equation to zero, they make 
finding a point to plot pretty easy. 


Q: I’ve heard of a table of values, what 
is that all about? 


A: Atable of values is a more formal way 
of solving an equation to get points to use 

ona graph. Typically, you set up a table with 
columns for the x value, the y value, and the 
equation. You plug in values for x and solve 
for y, and then vice versa. In fact, that’s a lot 
like we did with Ed... just a little more formal. 


The big difference between using a table of 
values and solving just for the intercepts is 
speed. You're only solving for two, easy-to- 
find points with intercepts, and that’s usually 
pretty quick to do. 


ae POINTS 


The typical variables foragraphare 
X for the horizontal axis, and y for the 


vertical axis. 





= x-intercept is the point where the 
graph crosses the x-axis (x, 0). 


= To solve for the x-intercept, sety=0 & 
and solve for x. 


there are no a 
Dumb Questions 


Q: What about equations with more 
than two variables? 


A: That's a 3D graph, and we won't be 
doing any of that! You don’t need to worry 
about those types of graphs in Algebra. 


Q: Is there a way to check my graph? 


A: Yes. The easiest way is to solve for 
another point and make sure that it’s on 
your line. For our example, if you substitute 
X =-1 and solve for y, the y-value you come 
up with should be on your line. If it’s not, 
something’s wrong. 


Q: Why is that grid called the 
Cartesian Plane? 


A: This standard form of a grid was 
created by a guy named Rene Descartes in 
1637 as part of his work to merge Algebra 
and Geometry. It works perfectly since we’re 
going to be creating shapes (like lines) that 
can be described by Algebraic equations. 


Q: Why are the quadrants written in 
roman numerals? 


A: That's just the standard way all 
mathematicians talk about graphs—using 
roman numerals. 


Q: Is there a standard variable for 
each axis? 


A: Yes, typically x is the horizontal axis, 
and y is the vertical. That doesn’t mean they 
have to be, though. Ed’s equation used C 
and t, and that was okay, too. 


The Cartesian Plane just shows a 
relationship between two variables. You 
can either swap out the variables in your 
equation for x and y, or you can re-label 
each axis in the graph. 





= Ordered pairs look like (x, y). The 
horizontal axis goes first, and then 


the vertical. 


= = The y-intercept is the point where the 
graph crosses the y-axis, (0, y). 


To solve for the y-intercept, set x = 0 
and solve for y. 


Lines are defined by two points and 
go on forever. 
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graphing 


harpen your pencil 


IN Using the full Cartesian plane, read Ed’s graph to figure out how 
much he's going to owe 10 weeks from now. 





C (Ed's cash) 


ds east 
a ° f at 


10 weeks 


1-8 £7 6 G4 a g 


How much is Ed going to owe? 


Just get this from the graph. You 
don't need a super—exact number: 


After Ed's cast comes off, he’s going to go back to earning $84 a week. 
How long is it going to take him to get out of debt? 


To solve this, you have to go back to Ed’s / 


original equation, C = ft. 
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ed’s going negative 


harp your pencil 
WN Solution Using the full Cartesian plane, read Ed’s graph to figure out how 
much he's going to owe 10 weeks from now. 







C (Ed's cash) 


= 4 Ed's east 
-2 
-100 





4O3 87 6 5 a 3 


-200 
That's about 25 


How much is Ed going to owe? 


C = 84t 


After Ed’s cast comes off, he’s going to go back to earning $84 a week. 
How long is it going to take him to get out of debt? — > 250=e4t 


250 ie the new thing were Finding ‘out’ ine Pee e eee eee e ener e ener tener eee e eee eeenes 
for, so we substitute it into the equation, 250 =~Att 
seiadieneerseionb hone just the way. we did before OE Se 
That’s 


just about 3 weeks, wow. That 
De Tae eer een eee . cane Ed is going to be 16 weeks Pe 
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Well, 3 weeks wasn't too long, 
and now that my cast is off, maybe 
I can get more customers and make 

up for my lame start. 


Ed needs to take on new clients. 


Ed needs to get his summer back on track. He’s into June 
and healed up, but he owes money and wants to make up 
for lost trme. Ed’s created a new form where he details 

each lawn, so he can give potential customers new quotes. 


Ed’s focusing on how hilly lawns are, so he can charge 
more based on how steep a lawn is. Here’s his new form: 















AWA Eoward’s LAWN SEPVICE sean 


\lew Customer Estimate 
Customer nare 
& address: 





How does he 


Slope Evaluation: Slope =0 $12 
Figure that out? 


Slope >0 


Slope <0 


Overall lawn cost: 
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graphing 


165 


what’s the slope? 


Ed’s figuring out the SLOPE of lawns 


To make sure he’s consistent in figuring out how steep a lawn 1s, Ed’s 
developed a system. He starts at the street and measures some key 
features of the lawn. Then he puts that information together and 
turns his information into a number for the slope of a lawn. 


Here’s how it all works: 


ttow far up (or do 
I< the sleet dae Mp 





4 hill Goes. 
Ed’s slope = Rise Seom th 
un How far over trom tne 
— Tbeect the hill goes 
For the 





Rise _ 10 feet vp _ 


lawn below: Slope 
Run 5 feet over 

That’s greater than O, so that 

means this lawn is 90ing to cost 

720, based on Ed’s new Pricing. 









NWN Edward’s LAWN SerVICE sannsnsnnnm 


New Customer Estimate 


Customer name . 
& address: Mrs Ethel P- Humphries, & Infinite Loop 
, _ Mrs Ethel P- Humphries, 8 infinite Loop 





fee 
Slope Evaluation: Slope =0 $12 

















Slope > 0 $20 10 feet us 
(@) 
Slope <0 415 
20 
Wverall lawn cost $20_ 


This is the street here. O feet high 





(O1pF-]0) (-) are) 


Figure out the slope for each of Ed’s new clients and how much he’s 


going to charge. Remember: Rise over run! 


Graph 
» The house is 


The street 


level i ; 
evel is at OW: 


5 
4 
3. 
2 
1 


"4 feet off 
the round. 


The house is 
4 feet over. 





The street —. 
level is at 4. 


The house is O feet 
Se the andl 








4.5 
The house is 2 
feet over. 


; This Point is 
2. feet up. 


The street here 4 \ fi 
is 2 feet up. : 





A feet over 


1 2 3 4 


x 
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Remember 


graphing 


Lawn Charge 


Look back at 
Ed’s chart. 


- vw 


is positive and 
down ‘is negative 
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slope solutions 


+ + ©« 2 





SoLloTiaqw 


Figure out the slope for each of Ed’s new clients and how much he’s 











going to charge. Remember: Rise over run! 





Graph Slope Lawn Charge 
+ The house is 
"© feet off 
















4| the ground: Another uphill 
i Te hove climb, so : 20 
Mis oe 2 Ai eck gies. a 2 
evel is at O_1 : + feet up 
s -a Slope = = = |= | ; 20 
un. 4 feet Bers ee |e ar 








This is a negative ae so 


The street 
€ street —s it’s downhill and it’s 7 19. 


The house is O feet 
level is at F. 


off the ground. 








. a a 8 0 Ye ee 
The house is 2 
Biebomemc | jj. |.§|§ -—«—sahdebasbacdan tel 









This Point is 


5 , 2 f eet up. 
The street. here: ( A cen ae slope, 
Otel a 

| A feet over 





: Rise _ oO ¢ 
pe 





1 2 3 4 








Hey, that's a lot of 
dough. I'm starting to 
make up some ground! 
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These slopes are just 
lines on a graph, right? So 
don't those lines represent 
equations, too? 


A line on a graph always 
represents an equation. 
In fact, if you know one point on a line 


and the slope of a line, you can write out 
the equation for that line. 









How can that be? 
That seems too easy. 


An equation can take several different 
forms... and you can use the form that 
helps you out the most. 


When linear equations are written a certain way, they 
have a particular form. The form is just the order of 
the variables, numbers, and operations. Sometimes 

a form has two points, and sometimes it has an 
intercept and a slope. 


But no matter what form of a linear equation you’re 
looking at, every line has a slope, intercepts, 

no exponents greater than one, and two 
variables. Understanding the forms just means 





knowing how to interpret the equations and write 
them in different ways. 
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point-slope form 


Linear equations in point-slope form 


The point-slope form of a linear equation represents an 
equation as a point on the line and the slope of the line. So as 
long as you know a line’s slope and one point on the line, you can 
use the point-slope form: 


m ie ein the 


y and ¥ ave our slope of a on 
e variables: ¢ This is any 
Point 
hat’ - 
Ca) (x1, Ms ) the line 


When you see these in an 
actual equation, they \l 
be numbers, like (3, D). 


There’s a lot going on here, though, so let’s take a closer look. 


Paittt- Slope 
Way Up Close 







The point-slope equation 
Sy — y,= m(x—x,) 


These terms probably look a little weird and are a little confusing. Are they 
variables or constants? And what are those little numbers? 


Ors) 


r Subseripts oe 


Here’s the deal. The little 1’s below and to the side are called subscripts. They indicate 
a specific value of x and_y, and since the subscripts are the same, they indicate that those 











x and y values go together. So here’s an ordered pair: 
(x, y ) 


This pair represents a point somewhere along the line. It can be an intercept, but it doesn’t 
have to be. With any single point you can still write the equation. 


Since they’re a point on a graph, they are also constants, not variables. So in the point-slope 
form, you’re taking an ordered pair that represents a point on the line and splitting the two 
numbers of that pair up in the equation. 


170 Chapter 5 


Download at WoweBook.Com 


graphing 


How does a point and a slope get you a line? 


You've actually already seen how to figure out slope. We used the idea of rise 
over run to figure out slopes for Ed’s yard estimates: 


The number of units up or down 
Rise K (negative rise means down). 





Slope 3 
The number of its 
Run Lea right or lef+ eat 


run means go left). 


And you've already got one point on the line, so 
here’s what you do to draw the entire line: 


O Plot the point. 


If you start with the point-slope equation, 
that means your point is: 
pore (x, y:) 


© Interpret the slope and use it to plot 
the second point. 
If you just go up the rise, and over the run 





you can plot the point you land on, and then 
draw your line. 





© Connect your points to form a line. 
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no dumb quesiions 


Q: (x,, y,) can be any point? 


A: Any point on the line. Ed knows 

two points for his lawns, so we could pick 
whichever one we want to use for the point- 
slope form of an equation. 


Q: This slope thing seems a little fuzzy. 


ty 


“Downhill,” “rise, 
math words? 


run”... are these really 


A: Sure. Just because it’s Algebra doesn’t 
mean it's complicated and weird. These 
concepts can be much easier to learn with 
more basic terms. Saying that a negative 
slope is downhill just makes sense, right? 





there are no a 
Dumb Questions 


Q: Why is the slope so important? 


A: Every line is defined by some type 
of slope. If you have a negative slope or a 
positive slope, you'll know if y goes up or 
down with x. 


That translates into whatever two variables 
you're working with. For example, Edward 


saves more money (C) as time (#) goes on. 


So that equation has a positive slope. 


Q: Do we need to memorize the form 
of the point-slope equation? 


After some 


manipulation 


x, and y, have the opposite sign. 


not a positive one. 


A: Yeah. It’s pretty easy to do, though. 
The slope-intercept equation comes from the 
definition of slope. 


rise The rise 


wm SPE = Fun is the 
stands difference 
Lor slore between two 


Lem = La y-toordinates 
x—-—xX 


~ 
The run is the difference 
between the values of two % 
coordinates. 


y—y, = m(x—%) 


The trickiest part of this equation is that positive x, and y, values 
are subtracted. That means if you see addition signs in the point- 
slope equation, you’re dealing with a negative coordinate value, 
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graphing 


harpen your pencil 


IN Try graphing a couple of point-slope equations using what you 
know about form to make it easy! 





_ 


—-NWHU DAN OWS 


“10-9 -8 -7 6 -5 -4 -3 -2 -1y 12 3 45 6 7 8 9 10 
-2 


= 


—+ 


+ 


—-NWHUNAN CO 
= 


+ 


23 45 6 #¢ & 9 10 
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sharpen solution 


chp your pencil 
IN Solution Try graphing a couple of point-slope equations using what you 


know about form to make it easy! 
POT e as 


(x a 8) —€ is x, 


nee POE SIEM Som Ane, Cvevion ty. a ee on a 


and over two a——SOY t= + @ 





123 45 6 7 8 93 10 


Rye es em Ame Sg 
COON A NDBWN = 


' 
_ 


0 
9 
8 
7 
6 
5 
4 
3 
2 
1 


Ga ey 
down 2 and 


over 3 


MS 2:3 5 6 2 SS TO 


c 


a5 


SoeUYHHhwWNAY 


' 
= 
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graphing 






What about Ed's lawns? Do we know enough 
about to write an equation for them now? 





We sure do! 


With just one point and the slope that 
you've already figured out, we have 
enough to write equations for those lawns. 


Let’s do it... 
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more point-slope equations 


Let’s use the point-slope form 


If you take Ed’s first lawn and use the information you’ve 
already figured out, you can write the equation for that 
line with mo additional calculations: 


» The house is 
"4 feet of f 
the ground: 






The house is 
4 feet over 


x 
> 


The street 
level is at On: 


5 
4 
3 
2 
1 








Slope =! 


hob & 4 





We tan just take the values 
we Heel Sree The point is (4, 4) because 
Lhe lawn goes 4 Feet up and 


then 4 feet over. 
and put them in here. 2 


N—> yy, = m(x—%) 


The slope is | for this lawn. 
(4, 4) 


yr 4=] (x = 4) 
WK This is an equation in a 
point—slope form. 


The same holds true for any line for which you know a point and the slope. Just start with the 
general point-slope equation, and substitute the values for m and x, andy, , and you have a 
valid equation for the line. 


Watch the signs! If you have a negative value for either x, or y,, put it in the equation with the 
negative and then simplify. You’ll end up with an added value in the equation for the line. 
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graphing 





RISE Write the equations for the other two lawns that Ed evaluated in point-slope form. 





y 
The street —. The house is O feet Hrs oe re 
level is at 4. off the ground. going Pa ONG ie as 
Slope= -2 
General 
4 point-slope 
The house is 2 equation: ..... y. =y,= mx =) ba oe 
* feet over. 
3 
oi This lawn’s 
5 point-slope 
CUNO ipa: sccm cathode grr ate: 
y This Point is 


The point you're 

The street here * goingtouse: —( ) 

Is Zz feet. up. cS crc cs 
“ 





Slope = O 
Pee: | 
: General 

5 4 3 2 1 a 1 2 3 4 5 point-slope 

: equation: VO ame om)... 

+3 

4 This lawn’s 

ds point-slope 

PUAN aes tose teil eva 
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increase ed’s business 





zercise 
SOLUtION 


The street —. The house is O feet 
3 off the ground 


level is at ¥. 





The house is 2 


. feet over. 
3 
4 
5 
y This point is 
: 2 feet up 
The street here * \ 
is 2 feet. up. see 
1 A Leet over 
5 4 3 2 -1 1 2 3 4 5 
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Write the equations for the other two lawns that Ed evaluated in point-slope form. 


This is the Point 
9raPh starts, of 


where the 


the street. 


The point you're J 
going to use: ( (0, 4) ) 


General 
point-slope 
equation: ..... y. =y,= mx =a)... 


This lawn’s 
point-slope 


equation: a eke 0) 


\f you simplify, this is 
-4=-21« 


This is where 


The point you're a the house is. 
going to use: (4,2) 


OR Oe 
General 
point-slope 
equation: ..... Sa = JY =.m(x ma)... 
This lawn’s 


point-slope 
equation: oo. 


That doesnt lock like the right Lom 
anymore. Maybe there’s another torm 
out there that would work better--- 
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graphing 









So now what do we 
do? With a0 slope, 
everything's messed up. 


With a slope of 0, things get weird. 


There are cases where the point-slope form won’t 
quite describe the line, like when a line has a slope 
of 0. 


That last lawn is definitely a straight line. So how 
do we express an equation for that line? Well, we 
know that the equation will have to be in terms of 
x and/or y somehow, but what about slope? How 
does a zero-slope work? 





Horizontal lines require a different form oes horizontal 


Ed is looking at a nice, flat lawn. The rise of the line is 0, so line is always O. 
it doesn’t matter what the run is because the slope will still — 
come out to be zero. 


Writing an equation that describes a horizontal line like this 
is actually pretty simple. Since all of the y values are the 
same (2 in this case), you can just write: 








vi 


Write in Your y—values here. 





So since the slope is zero, 
what happens to x? It can't 
be zero, too, right? 


There’s an x with a coefficient of 0. 


If you have a coefficient of a variable that’s zero, the 
variable will disappear. This equation can be written as: 


y-2= 0x 


It still doesn’t really look quite right. Good thing 
there’s another form that will work better... 


Zz domsuy 
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standard form 


Equations also have a standard form 


There’s a form of a linear equation called the standard form. A 
horizontal line is a very specific case in which point-slope won’t 
work, but there’s a more general form. The standard form actually 
takes both y and x into account and works when the slope of a line 
is Zero: 


aoe ” “ Can you Figure out what a and 
7 b would be Lor a line where the 
a, b, and ¢ are numbers in nae es # 


an equation for a line. 


In this form, there’s no m. That means none of those variables 
mean slope. And a, b, and e do not stand for anything relating 
to a graph, either. So this form isn’t quite so easy to turn into a 
graph. But that’s okay because this equation handles every type 
of line, no matter what. 









ae 


That’s OX + ly=2 So, if we set a= 0, b=1and 
c = 2, we have the equation 


for Ed's flat lawn, right? 


That’s right! 


Any other form of a linear equation can 
be turned into the standard form. So 
we can turn the earlier equation, y = 2, 
into the ax + by = c form. 
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graphing 







Are there any 
other forms we need 
to know about? 


There’s one more form... and this 
form IS great for graphing. 

The last equation form that’s left is similar to 
point-slope in what it contains. This last form 
comes with a point and a slope within the 
equation. 





This form includes the y-intercept, so it’s called 
the slope-intercept form. 


The slope-intercept form is EASY to graph 


Not only that, but slope-intercept comes with the same constant for slope, 

m. So mis the slope, just like it was earlier. On top of that, x and_y are still 
variables, like all the other forms of linear equations. The intercept is the part 
that’s different. Here’s what this format looks like: 


m = slope, like always. 


This is the same slope 
we've been talking about y=mx + b (0, bis the y-intereept. So b is 


rise over run. where a line ¢rosses the Y-axis. 


To draw this line, just plot the y-intercept at (0, B) and then find your 
second point using the slope, m, just like you did before. 


Sum it up 


Slope intercept equation — A linear equation of the 
form y = mx + b where m is the slope of the line 
and b is the coordinate for the Y term of the 
y-intercept. 
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equation form review 
Linear Equations Up Close 


Point-slope form 


This form has a lot going for it. It gives you a quick point to plot, and it gives you a 
slope, so you can plot the rest of the line. 


The downside is that if you need to manipulate this form, you'll have to use a lot of 
distribution and parentheses, and the constants aren’t together, either. 


m = Rise 


Lf * i 


y—y,= m(x —%) 








Any point on this line 


Point-slope 
ean be (x, y,)- 





is great for 
graphing, but not 
for manipulating 


the equation. Standard form 


Standard form is straightforward—« and y both have a 
coefficient, and there’s another extra constant. This form 
works for all lines, and it’s an easy equation to manipulate. 


Graphing is tough with standard form because you don’t 
have a slope or a point to start with. The only way to 
graph this form is to solve for a couple of points and then 
plot those points and draw a line. 
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graphing 


Slope-intercept form 


This form gives you the y-intercept, and it gives you a slope so you can plot the rest of the line. 


Slope-intercept is a good middle ground. It’s easy to manipulate, and it gives you a point right 
away. However, if the y-intercept for the graph is really high or really low, it can make graphing 
the line really tough. 








The y-intercept 
is (O, b). 


m = Rise 
_—_— 
un 





Slope-intercept 18 great for 
graphing lines that cross the 
y-axis near the origin and is 


This is 2 negative 
Rise slope — the wise 


isa negative 
number: 





pretty easy to manipulate. 


arb=9 | 


dard form can 
ee all lines, including 


funky eases like these: 











Standard form is 
easy to manipulate 


but hard to graph. 
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know your eq 
Team Chat: Forms of a Line 


You can tell, just by looking at an equation, 
what the graph will be? 


vet - just by remembering those forms. 


But how do we know what these things will ) 














look like? Are they really going to be lines? 


[2 Yeah - if there’s an x and a y without 
Kristina squared terms or anything, it’s a line. 


Ok fine, it’s a line. But what kind? You can’t 
really just pull numbers out of the equation 
and treat them like points. 























fe - as long as you know what form 


you’re looking at. \ 
J That's the part that’s hard for me. i, 
[2 Here’s how | remember: point-slope has 


Kristina parentheses, slope-intercept has x and y 


on opposite sides, but no parentheses, and 
standard form has x and y together. 
Ie! 
Kristina 




















That helps, but to see what an equation really looks like, though, we need to graph it, huh? 





Use the equation form to your advantage You can look at 


You know enough now to look at an equation and graph it, if it’s 


a point-slope or slope intercept equation. If it’s in standard form, an equation and 
then you know to solve for some points (y = 0 and x = 0 are easy graph it it you 


ones), and then plot your line. 


That means most of the time no computation is required! Just draw. know the for ml. 
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graphing 





GRAPH 
Ir! 
You're ready to graph some equations. Here are several equations 
in different forms... draw a visual representation of each one. 


> 


SHaNWARUANWDWWO EO 





> 
-10 -9 -8 -7 6 -5 -4 -3 -2 -1_ 123 45 67 8 9 10 


SOCOVNAHEWN 


SHNWAUANDWO SO 





> 
-10 -9 - -7 6 - -4 3 -2 -1_ L123 45 36 7 8 9 10 


SO©oBVANKWN 


SH=NWAUANDAUW SD 





> 
109876543 2-1,) 12345 67 8 9 10 


SOCoBVNANKWN 
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which form? 





GRAPH IT! 

SOLUTION : : 
You're ready to graph some equations. Here are several equations 
in different forms... draw a visual representation of each one. 









10 
9 
8 
: =3x-2 
“Rise” 3 : 
Equation: y= 3x —2 anal io ES 
Gata tRART see ned aes oh oyoe as he oboe antag ste uadaheg at eeesae etal nelea es 
Tisieticaige Ae 
Rie ete Li is the y-intercept 10-9 8 7 6 5 -4 -3 -2 _ 72345678910 


eight here, with the 
intercept (O, -2). 






of 
9 
Equation: 1Ix+0y=7 at All of the 
aS Bleeding b egipb “Glee Sab Noe wales fs Mave: ats la’ Bibra gr Grab Log" Stee savas die al SiSiReg is due p Gud WSDOT ; points have 
5+) as theiv * 
Jick by wemacberiia teak 3 value. This is 
mem n 
seceacaeseseeeee ¥USE b y remembering that. ......cccccccsssssscseseeeees a 5 vertical le 










can see that this is x = 7 10-9 8-7 6-5 4-3 2-1, 12345 6 89 10 
2 
- er 
5 x = Th 
What form is the equation? This is in standard form : 
FE 
-10 
TT The slope is negative one over two. 
1 That’s down I, and right 2. 9 
_ 8 
Equation: yt2 =~ ox -1) 7 
ibaa wnngphiccitireaucea DeMdice sb waiver Satie hire yererieades oe Maeeae ee we recenn 6 
ytRe-pu-Ds 
: 4 
This eae Y sie - The point ou get out : 
Palla rise Ds- Sinde the. i hai eeu ha ae aetna : 








‘orm subtracts the point, ; , 
lot that first. 10-987 65-435 72345 67 8,9 10 
—(—2) becomes +2. P (|, -2)2 Go down | and 
fava eRe wie Morte DSR Sorin Mine es Ny Beata ote eit I oe Bata Start at (1, 3 the right 2 
5 
6 
What form is the equation? _ This isa point slope equation. 2 
9 
10 
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there are no 7 
b Questions 


Q: Why does m stand for slope? 


A: Nobody really knows. Descartes (Mr. Cartesian Plane 
himself) didn’t use it. There are ideas about “modulus” or 
maybe it’s just because it’s a letter in the middle of the alphabet. 
At this point, it’s just what everyone else uses. 


Q: Why do we use “b” for the y-intercept? 


A: Well, that’s another mystery, like slope. In modern day 
math, several other countries use different letters for the 
y-intercept, like k, n, or h. 


Q: If x and y are on the same side of the equation, can 
the equation still be in slope-intercept form? 


A: Sure, but you'll have to manipulate the equation to get it 
in the form y = mx +b. The signs can be different, but that just 
means that the constant is a negative number. 


Q: Why are m and b constants but x and y variables? 
How can you tell when a letter is a variable and not a 
constant? 


A: The constants are what will appear as numbers in 

a typical situation. When you learn a standard form of an 
equation (like slope-intercept), you know now that m and b are 
constants because they'll always be the same in the equation. 
And here’s another clue when looking at a new equation: the 
coordinate plane is based on x and y, making them variables. x 
can take on all sorts of values, just like y, but m and b stay the 
same. 


Q: If mis a whole number, then what’s the “run” of “rise 
over run”? 


A: Think back to your fractions! Any whole number is the 
same as a fraction with the whole number in the numerator and 
one in the denominator. So, if you have a slope of 5, then it’s 
the same thing as 5 over 1, or, “rise 5, run 1.” 


graphing 


: You keep saying that “form” is what’s important. What 
does that really mean? 


A: The form of the equation is just the arrangement of 
variables and constants. For example, in a point-slope equation, 
you have to have the y isolated on one side of the equation and 
an x term on the right for it to be in point-slope form. 


Q: What if | have an equation like y = x? Is that in any 
special form? 


A: Yes. y= X is exactly the same as 

y=1x + 0, which is slope-intercept form. So here, m = 1, and 
b = 0. And since you have an mand a b, you’re ready to plot 
your graph. 


: When would you start with a graph and need to write 
the equation? 


A: It happens a lot, actually. When you have a plot of actual 
data—financial data or experimental data—and you need to 
write a line to generalize what’s happening, you'll have a graph 
before you have an equation. 


Q: You can really just figure out the slope and the 
intercept and write an equation? 


A: That's the beauty of having standard forms. Everybody 
knows that the coefficient for the x term is the slope, and the 
constant that’s added onto the equation is the y-coordinate of 
the y-intercept. 


If your slope is a whole 
number, the RUN of the 


slope is that number, and 


the RISE of the slope is 1. 
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ed’s growing business 






I've been cutting those three new lawns 
for 2 weeks now. More people want 

quotes, and it’s too much for me to keep 
up with, so my brother's going to help. 








Ed and his brother have gotten over 
their differences. To make up for 
taking all of Ed’s money early in 
the summer, his brother is going to 
work for free to finish the season. 


Ed has been evaluating his lawns based on 
drawings and deciding how steep the slope is, but 
his brother decided to get creative. 





He’s using a “new system” and when he turns 
the form in to Ed it has equations for the lawns 
instead of the pictures. 









I can't work this way - I need 
his stuff in pictures so I can 
decide how much to charge. 
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graphing 


Your job is to convert each equation to a form 
that you can graph. Then, graph each equation 
so Ed can get these customers estimates. 


AWN Edward’s LAWN DEPVICE nnn 


Ed’s brother wrote equations \lew Customer Estimate Ed likes to work with pictures. 


instead of drawing the lawn. This is what his brother was 


supposed to fill in. 
Lawn Evaluations: Grits Lawn 













Rhos | =eNvVEUaAYeeo, 





* 
1009876543 2- 12845 678569 0 








Sben 


Chadwick's Lawn 





b+ | anveNnayreesc, 










a 
109 876543 2- 12348 67 8 9 10 





Sob van 
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draw the equations 


Your job is to convert each equation to a form 
that you can graph. Then, graph each equation 
so Ed can get these customers estimates. 


AWN Edward's LAWN DEPVICE anni 


New Customer Estimate 









Lawn Evaluations: Smith's Lawn 


















y=-— xt] 
3 
2 
1 
hela algal gs wees Raia oe ete eae Ra NTE ee ST EEE 
2 
3 
4 
5 
bs Laovdang sictecw aids e 0b seve Apis a8 = 
er ‘ 
8 
9 
-10 





Chadwick's Lawn 








10-9 876543 2- 





) ttle 
That s a has 
over 2) right? 


190 Chapter 5 


Download at WoweBook.Com 


Ed’s had a busy summer—and not all of it good. He started out 
strong, broke his leg, had to pay his brother crazy amounts just to 
keep his customers, but then things started to turn around with a 
bunch of clients. Here’s what happened: 


2) 


graphing 












So what's the final 
amount I'll end up with 
after all these new yards? 


Ed spent the first 3 weeks of summer mowing 7 lawns, for $12 each. 


Ed broke his leg and had to spend the following 10 weeks in a cast. His 
7 clients were still paying $12 a cut, but Ed’s brother was charging him 
$19 a lawn. He ended up $250 in debt. 


For two weeks, he goes back to cutting the original 7 lawns for $12 each, 
and three new lawns, one for $20, one for $15 and one for $12. 


Then his brother signed up these last 2 lawns at $15 a lawn. He’s going 
to cut all of the lawns for the rest of the summer—6 weeks. 





How much is Ed going to end up making? If you 
need some help, turn the page for a few hints... 
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project ed’s future 


Long Exercise 






Figure out how much Ed is going to make by the end of the summer. Draw him a graph to 
show his cash projections for the next 22 weeks (that’s how long his plan runs). 


Fill out this chart to get started: 


















How much ora th Ed’s running 
Week # per lawn? | ake? total cash 






a1 


Broken lea! 


Different vates: 8 #13] per week at 
at 12 each, lat 71, | 2 weeks = 7 262 
and | at 720 

setae o - 4131 + #0 per week You need to write an 
all o+ the lawns ned [bl per week equation and plot a 
From 15 — 1 plus 2. | 10” Per wee 

rom : = plus graph for this part! 
more at 7 
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graphing 






Plot the new equation here: 


How much will Ed end up with at the end of the summer? 


Read it from the graph — it’s week 4. we 
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the future looks bright 


Lon Exercise 
Solution 


Your job was to figure out how much Ed is going to make by the end of the summer, and draw 
him a graph to show his cash projections for the next 22 weeks (that’s how long his plan runs). 

















much 
# How much Jy ic Ed's running 
Week per lawn? =| wake? total cash 








| “3 ! #84, per see for 3 
weeks = (252 


4 |4 F 744 per week for 
Broken lea! cost Hi 719 per lawn 1O weeks = - # £90 


7 per_week 


Different rates: 8 #13] per week at 
}5_l b at #12 each, | at #15, 2 weeks = 7 262 
and | at 720 
setae si - 4131 + BO per week You need to write an 
f ° i a » |= é 161 per week equation and plot a 
‘rom - Plus 


h for this part! 
more at 7 15 graph tor this part! 










Write Ed’s cash equation for the end of the summer: 


Ye, Don't forget about the 
; money Ed started width 
Cash = 716] a week times weeks + 7 12 he starts with 


This is a lot like Ed’s early equation, 


} making more money a week. 
but hes now ind, Y esas 


The y - 





This is in the y = mx + b Form — easy 40 plot! intercept is (O, 12) 
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graphing 









Ane slore bl, so 9° 
up 1bl and dels 






C= lblt +12 


Read it from 
the graph — 
it’s week 6. 


$1000! Even after the broken leg - that's awesome. I'm 
going to take the graph you made and make some plans! 













A picture might also be worth 1,000 bucks! 


Sometimes an equation has a lot to say about the future. In 





fact, an equation can tell Ed how much to save, how many 
yards to mow, even how a particular yard will profit his 
business. 


But sometimes you need more than a bunch of numbers 
and letters. In those cases, a graph can help you see your 
equation... and make informed decisions. 
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graphing pr: 
harpen your pencil 


N If there's a line, graph it! If there’s a graph, find the equation for the line. 


9 
8 
7 
6 
5 
4 
3 
2 
1 





C©OUAHKRWHN 
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graphing 
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solutions 


hep your pencil 
IN Solution If there's a line, graph it! If there’s a graph, find the equation for the line. 









TF NWA UDN WO OO 


Point #1: (5 0) -5=x 


Bieehinersie ty ue ane Scorn eiosetemuatee eras eiuiatatec ata 









Point #2:(0,-3) Ve ae’ 
y = mx + b 
FN cece 
Up | slope y — intercer 
(0,3) — The slope 8 7 
y= 9% + 3 
t 
Slope = ..... 2 alihees 
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graphing 





Standard 
point. ~slope........... 


WW 


Be careful: the sign changed 
because it’s a negative three. 
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graph cross! 


Pigee 
— / 


Tools for your Algebra Toolbox 
This chapter was about graphing &g>& BULLET POINTS —— 


equations. 


TE 





= Alllines have a slope, m. 
= Slope is defined as rise over run. 


= Lines usually have x and y 
intercepts, unless the lines 
are completely horizontal or 
completely vertical. 





= Linear equations have two 
variables, and neither of the 


The Car te sian P| ane variables have an exponent 


greater than 1. 
This is the 


quadrant number: 








ai This is the 










y-anis: Im adrant one is 
‘ f aes all of the 
il 7 | values for the i. i 
6 aph are PostUNe 
arer ard orm 
Quadrant two is : x | Stand 
where the % values are 3]. This is The OFGY natn This 18 the 
eoative and the ¥ oS the very center nie KRIS: = 

he are positive: 1 f of the graph : Pe ax + by =e 
















Sigh yae ot ial 
2 
3 
ill 4 
5 
Quadrant three He Quadrant four is m = Rise 
is where all the 7 where the X values ye Rie 
values are negative, ce ave Positive and the 
Gan and Y- -9 y values are negative. y — Le =m (x = a) 
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6 inequalities 


* 
Can't quite get enough? * 


Oh, the inequality of it 
all... I should have been enough, 
but I came up just short. 





Sometimes enough is enough... and sometimes it’s not. 
Have you ever thought, “I just need a little bit more”? But what if someone gave 
you more than just a bit more? Then you’d have more than you need...but life 
might still be pretty good. In this chapter, you’ll see how Algebra lets you say, 
“Give me a little more... and then some!” With inequalities, you'll go beyond two 


values and allow yourself to get more, or less. 
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fantasy football is algebra 


Kathleen really loves football 


Kathleen wants to start her own fantasy football team but needs 
your help managing it. Each team is limited to spending no 
more than $1,000,000 on player salaries. Your job is to help 
Kathleen put together a balanced team. 












Each team can spend $1,000,000, but I 
need to spread that out over my defense, 
some offensive players, and a quarterback. 







fs manager of Yathleen s 


’ 


team You XC oh to 


youre out how mul! 
sea on each position: 











SimFoothall Fantasy League 


Home Away League INAS 


Position ET Salary 


> [Petensiveteom PT 
[Running Back [TY 

get to hiya iy,  [WideReceiver PT 
team as avi noe [Reker PP 
Jest single players. [Quarterback [| 
ee  ( 
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inequalities 


The cost of all players can’t be 
wore than 71,000,000 


Kathleen needs to fill her team roster and keep her total costs under $1,000,000. 
Here are the choices Kathleen’s got for her team... lots of decisions to make! 
















Running 
Name Cost 





Defensive Teams 
Cost 


$300,000 


Team 



























Pas 


- are the team and 
Player lists You can iek 
From to P 
put togeth 
Kathleen’s bee al 


Gash 
N 








arpen your pencil 
NN 






Team 
$183,500 


eS ce 


Tretetiock | $203.200_| 


[ Matt eatens | _$202,100 





















Cost 


Tony Jaglen $208,200 













$199,950 


$202,400 














Using the team price equation below, can you come up with a team 


that works? If not, why? Is there a problem with the equation? 





Defensive Team Cost + Running Back Cost + Wide Receiver Cost + Kicker Cost + Quarterback Cost =1,000,000 
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compare using inequalities 


harpen your pencil 
vr Paitin 





Using the team price equation below, can you come up with a team 
that works? If not, why? Is there a problem with our equation? 





You're really working with a comparison... 


We aren’t looking for equality here. ‘The cost of the entire team 
just needs to be less than or equal to $1,000,000. What 

we need is a way to show that the cost can be less than that 
amount, just not more than it. 


When you have a comparison, you use something different e eal ter” 
than an equals sign. For that, use a comparison symbol like Means ‘less than ov 64 
less than (<) or greater than (>). 


Defensive Team + Running Back + Wide Receiver + Kicker + Quarterback < $1,000,000 


eV ees Y 
All the players, The ma% th 


added up. can spend 


at you 






So the < sign compares one side 
of the equation to the other, right? 


More than and 
less than are 

The <, >, S$ and 2 symbols are comparisons. COMPAR ISON 
The first one, <, means the thing on the left is ess than the WORDS. Yi ouv'll 


thing on the right. The next one, >, means the thing on 


the left 1s greater than the thing on the right. The last two see them all the 
are less than or equal to and greater than or equal to, respectively. 
Statements using these comparison symbols are called time in word 


inequalities since it’s about two things mot being equal. 


problems. 
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inequalities 


veces see seers ere ee eeaent Inequalities Up Close as 


The = sign means “equal to,” and you already know how it works. It 
means both sides of an equation are the same: 


The exyals Sh oT ide 


everything Ze 


a 


With Kathleen’s problem, we’re dealing with inequalities. That means that 


“is equal to this Side. 


the two sides aren’t equal, but there is still a relationship. An inequality can 

be written with one of four symbols. They all express a different relationship: 
greater than, less than, greater than or equal to, and less than or equal to. They 
will appear in an equation exactly where you would expect to see an equals sign: 


Everything, on 


this side--- is less than--- thie Gide. 


Ge ais 


G harpen your pencil 
IN Below are some inequalities. Some are correct, some aren't. Write 
whether each inequality is true or false. 





20S || a eee TOBA SIS estos tas, 


BO oy awe net na 101 AOE: tacetetrccan’ 
4<8 


10 < 10 
1.23.>°3.2 
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inequalities and the number line 


chery your pencil 
IN Solution Below are some inequalities. Some are correct, some aren't. Write 


whether each inequality is true or false. 





PodQe. (2 es. 1234 > 1233 te. 
ea 101< 101.5 .t 


is “less than Be (emit RC: rrr 
equal to,” SO Sinée 4 < 8 < 
IO=I0, this a ls ag a de ee Negatives can be 


tricky! -4 is more 
true. 1OS10 we 10 10. an a even though 


1.23:>.32 @ is bigger than 4. 


Inequalities are COMPARISONS 


The inequality symbols provide a way to compare two numbers, or two 
sets of numbers. Let’s take a look a the number line, which is a great way 
to see the relationships between numbers. Numbers are smaller as you go 
to the left of the line, and they get bigger on the right. | is left of 3, sol is less 


than (<) 3, 


is less than Plot both numb 
‘ x om the number ke \\ hae 


1<3 
PSR. BSE aa oM OM 2 Ses AL 


The number to the left on the 
cas number line is always the smallest. 


eLiye wo 
Positive than 7) 


negative three. 


ea a a a 


2 is to the right of —3 on the number line, so 
2 is greater than —3. 


S28 <a 


Game thing here: = 
the left of -% ° 
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inequalities 






Hey - what about my team? I've 
made a bunch of picks, but I 
still need a quarterback. 


















SimFoothall Fantasy League 


Home VEN) League INTENSE 


Position 











Remember, Kath 


| 
spend 1,000,000 tet" y 


harpen your pencil 
Write an inequality using the money Kathleen has already spent 


Dy and figure out what’s the most she could spend on her quarterback. 
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why inequalities maiter 


G harpen your pencil 


IN Solution Write an inequality using the money Kathleen has already spent 
and figure out what's the most she could spend on her quarterback. 








Defensive Team + Running Back + Wide Receiver + Kicker + Quarterback < |,000,000 


Stier can went perc 4 SOOO 000 OO leccceees 
her quarterback. 





I'm just not getting it. We did exactly the 
same math as if it had been an equals sign. Why 
are we going through this inequality stuff? 


The big difference between an inequality and an 
equality is the MEANING of your ANSWER. 

The solution to the equation means Kathleen can spend at most $103,000 
on a quarterback. But that doesn’t mean she has to spend exactly that 
amount. If there was a quarterback for $94,000, Kathleen could spend 
that, and her equation would be true ($94,000 < $103,000). 


Reading the solution of an inequality is the easiest way to make sense of 
it. For instance, “gq is less than or equal to 103,000.” With inequalities, a 
range of answers work. The answers that work with an inequality are 
called the solution set. 


A solution set is all of the values 


ig 

atisky an expression 
vee el it’s any sla less 
than or €98 to 103,000. 
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Q: Why do we need inequalities? 


A: An inequality is a lot more realistic 

in many situations. If you only need to find 
out if you have enough gas, any amount of 
gas over what you need is fine. So that’s an 
inequality. 

For Kathleen, there are a bunch of different 
ways she can spend $1,000,000, and they 
all work...even if none of them add up to 
exactly 1,000,000. 


Q: What’s the difference between “less 
than” and “less than or equal to”? 


A: "Less than” means that the solution set 
includes everything up to (but not including) 
the value on the other side of the inequality. 
That includes decimals and fractions, too. 


So, if you have x < 6, x can be any number 
below 6. For example, 5.99999999999 is 
okay, but not6 itself. 


If you change the expression to x $ 6, then 
6 is an answer that works. 


Q: Same deal with “‘greater than” and 
“greater than or equal to”? 


A: Yes, except the answers are higher. 
So if the inequality is x > 6, the solution set 
is above 6, for example, 6.000000001. 


Q: We performed inverse operations 
around an inequality sign. So do 
inequality signs always work just like an 
equals sign? 


A: Well, not always. We'll get into more 
detail later, but as long as you’re only doing 
addition and subtraction, the inequality 
behaves just as an equality. 


there are no a 
Dumb Questions 


Q: What do you mean, not always? 


A: With multiplication and division of 
negative integers, things can get interesting. 
In those cases, the inequality sign can 
change. We'll talk more about that in just a 
few pages. 


Q: Does this inequality thing really 
help? | mean, having a whole mess of 
answers doesn’t seem very exact. 


A: It’s not. What is important to 
understand is that when you’re dealing with 
many real-world situations, you don’t need a 
single number. You actually need to know all 
the numbers that would work. 


Algebra is able to deal with many more 
complex situations than traditional arithmetic, 
and this is one of them. Part of Algebra is 
manipulating expressions to figure out the 
solution, but you also have to check that 
your solution actually makes sense. 


Q: When do you use a number line? 


A: Any time you feel like you’re not quite 
sure about a comparison or how to analyze 
your answer. We'll revisit number lines later 
in the chapter as a way to show the entire 
solution set. 
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inequalities 


Q: An equation usually has a set 
number of solutions, right? How many 
solutions do inequalities have? 


A: Inequalities have an infinite number 
of solutions. You're trying to find the 
boundaries: the highest or lowest values 
that are allowed. Once you know that, you 
can solve your problem. And remember, just 
because there might be an infinite number of 
mathematically correct solutions, it doesn’t 
always mean all those values make sense in 
the real world. 

For example, there are infinite numbers 
between $102,999.999 and $103,000.00, 
but they probably don’t make a whole lot of 
a difference to Kathleen. Since she’s talking 
about money, $102,999.999 is basically the 
same as $103,000.00 for her problem. 


Q: With equality, it means the same 
thing on both sides. What does inequality 
mean? Not the same? 


A: Generally, yes. By reading the 
inequality symbol that is used in the 


expression, you can figure out exactly what 
the relationship is between two sides. 


Q: What about that # sign that 

I’ve seen in math books? Is that an 

inequality? 

A: It means “not equal to.” Like: 
4#6 


As symbols go, it’s not very descriptive. It is 
an inequality symbol, though. 
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multiply or divide an inequality with negative numbers 


Inequalities involving some negative number 
Operations need special treatment 


Kathleen still needs a good quarterback, but there’s another way she can stack 

the deck in her favor. The fantasy football league she’s in allows you to handicap 
another team by buying “penalty points” before a game. For every penalty point she 
buys, the opposing team loses ten yards of offense when they play her team. 






I'm playing my brother's team next, 
so I want a safety net for the upcoming game. I 
want at least 50 yards off my opponent. 






What could Kathleen 
have said to make this 


ue an equality instead? 


Since Kathleen said she wants at least 50 yards, we’ve got 






an inequality. We can let g be the number of penalty points 
Kathleen needs to buy, and we have this inequality: 


—10g <-50 


Take a close look at this. For every pentalty point (g), the 
opposing team loses 10 yards (-10). And Kathleen wants her 
brother to start out at -50 yards. 


To solve this, we need to divide both sides by -10: 


—log — —50 
Ne ==10 
This can t be 


SO st have 
nite. We mu 
B<5..297 ~ ahh we bere 

















There is so much wrong here; I don't even know 
where to start. Why is -10g less than or equal to -50 
when Kathleen said “at least"? Then, you get g< 5? That 
works for g = 5, but anything less than that, and it's 

completely wrong! If g is 4, then we end up with -40. And 
that's less than or equal to -50? 









Inequalities with negative numbers need 
some SPECIAL RULES. 


Let’s take a closer look at what’s going on. 
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Negative inequalities work BACKWARD 


inequalities 


First let’s deal with the “at least” part of the problem. Kathleen wants at least 50 yards 
taken off of her opponent’s offense. 51 yards, 52 yards, 60 yards... those all work. But 
40 yards is not enough. Since these are actually negative yards for the opponent, that 


means -50 yards works, -60 yards works, but -40 yards doesn’t: 


ye We know 90 yards works... 





-70 -60 -50 -40 -30 
C but so do —60, -70, ete. 


Since numbers on the left of the number line are less than numbers on 
the right, the expression we’re trying to solve has to be less than -50. So 
what we end up with is this: 


—10g <-50 


Whatever the left side of our inequality comes out to be, it has to be less 
than or equal to -50. 


Multiplication and division of negative numbers 
causes problems for inequalities 


So now we need to figure out what went wrong at the end when we 
solved for g. The reason that the inequality doesn’t work with negative 
numbers is simple: negative numbers are backward. For example, -10 is 
actually less than -2, exactly the opposite of the positive numbers 10 and 2. 


One million is 3 Ten is not a vey 


ceally BIG names) (bis number.” 
But, since it’s — 1, 000,000 <- 10 
negative, it's way 
less than zero, and 
it’s value is small. 


but it’s also pretty 
tlose to zero, so its 
value is bigger- 


The end result of all of this is that when you multiply or divide by a 


negative number, the relationship expressed with the inequality 1s reversed. 


That’s because you’re changing the direction of the relationship of the 
numbers to zero. 


So, how do you handle that? 
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-20 -10 


If you multiply 

or divide by a 
negative number 
the inequality 
hecomes backwards. 


Vn area hare 
you are here > 211 


multiplication and division with negative numbers and inequalities 


FLIP the inequality sign with negative 
multiplication and division 


Since the value of negative numbers is the opposite of the size 
of the number, negative numbers reverse the relationship of the 
inequality. For an example, let’s multiply both sides by -2. 


i ositive : 
Nine, a P Negative one, a 


number Ng negative number 


9>-1 





Multiply by -2, 


For example. (997129) 
—SaTr Cl OY 
N L Now the one is 


— 18? 2=—\ positive two — 


18 is a big, number, woe a bigger value. 


but, now it’s negative, The sign is Clipped 
a lesser value. -18G2 Lrom when we 
{= started out. 
The inequality started with a larger number on the left and ended 
with a larger number on the right—the opposite relationship. The 


solution to how to work with this is easy. When you multiple or divide 
by a negative number, flip your inequality sign.. 


Use the number line to visualize the relationship 


Plot 9>_] 
-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 ° 12 3 4 5 6 7 8 9 10 11 12 13 14 


Increasing values 
this way 





Multiply by —2, and You 
need to flip the adi 


Plot = 18K ) 
~—. 


-19-18 -17-16-15 -14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 ° 12 3 4 5 6 7 8 9 10 11 12 13 14 


|nereasind, values 
this way 
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When you're working with an inequality 
and negative multiplication or division... 


2) 


2) 


It’s easy to visualize the location of your numbers on a number line and figure out how 
the inequality relationship changes. The inequality sign is just a way to keep track of the 
relationship in your equation. Your job is to work with your equation and the inquality sign 


Start with a valid inequality. 
The inequality can contain numbers or unknowns, and it just needs to 
be true (and if you can check it with a number line, that’s good too). 


Work with the equality just like an equation, as long 
as you don't need to multiply or divide by a NEGATIVE 
number. 


Multiply or divide both sides by a NEGATIVE number. 

If you need to multiply or divide by a negative number, be sure and do 
that to both sides of your equation. But you’re not done. Anytime you 
multiply or divide by a negative, you’ve got to immediately... 


Flip the inequality symbol in the equation. 

Do this right away! Greater-than becomes less-than, less-than-or-equal 
becomes greather-than-or-equal, and so forth. And you have to do this 
every time you multiply or divide by a negative number. 


in a way that preserves a correct relationship. 


So, all you have to do is reverse the inequality when you multiply or divide by negative 


numbers. You’re not changing the expression... you’re actually preserving the expression. 


Download at WoweBook.Com 


inequalities 


Negative 

numbers get 
LARGER in 
value as they 
get CLOSER 


to zero. 
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no dumb quest 


Q: How can we just flip the inequality? 
Isn’t that changing everything? 


A: Actually, flipping the inequality is how 
you keep things the same. lf you remember 
the number line,when you multiply or divide 
by a negative number, you change the 
relationship between the two sides of the 
equation. 

The inequality symbol is just keeping track 
of which side is worth more. A high negative 
number is worth much less than a low 
positive number (and visa versa). 


Q: How do you flip a < ? 


A: If your inequality has an “equal to” 
component, you replace it with the opposite 
“equal to” inequality. So, “less than or equal 
to” flipped is “greater than or equal to.” 


Q: Can you tell me again exactly what 
a solution set is? 


A: The solution set for an inequality 
contains ALL of the numbers that make your 
inequality true. 
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thereyareno 
Dumb Questions 


Q: Will | ever have to flip an inequality 
sign more than once? 


A: Possibly. If the inequality is written 

in such a way that you have to multiply or 
divide both with a negative number more 
than once, you'll flip your sign more than 
once. Just flip your sign every time you do 
the negative multiplication or division, and 
you'll be okay. 

It’s just like when you solve equations; if you 
apply all the rules correctly, you'll get the 
right answer every time. 


Q: What if | need to multiply or divide 
by a fraction, or a decimal. Do | need to 
flip my inequality sign then? 


A: Only if it's a negative decimal or 
fraction. It doesn’t matter what form the 
negative number comes in; if it’s negative, 
you'll need to flip the inequality sign. 
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Q: What if | add or subtract a negative 
number? 


A: There’s no flipping required. That's 
because you’re preserving the direction 
things are going. If you add a negative 
number to both sides, both sides of the 
inequality will be moving to the left on the 
number line at the same rate. That means 
the sides of the equation have the same 
relationship to each other. 


Remember, it’s all about the relative 
relationship of the sides. If that doesn’t 
change, then there’s no reason to change 
anything. 


Q: What if we’re just simplifying an 
inequality by multiplying or dividing 

one side of an inequality by a negative 
number? Something like (-3)(2) > -10? 


A: In that case, since you're not moving a 
negative number across the inequality, you 
don’t change the sign. So, if you work the 

example, you get -6 > -10, which is correct. 


inequalities 





G harpen your pencil 
IN 


Now that you can handle negative inequalities, you can solve 
Kathleen's penalty points problem correctly. Here are a few other 
inequalities to try out, too. Use the number line at the bottom to 
check your work. 


“l’m playing my brother's team next, so | want a safety net for the 
upcoming game. | want at least 50 yards off my opponent.” Figure out 
how many penalty points Kathleen needs to buy. 


The league gives 40 points for each game you win, and you have to have more than 
260 points to get the Heisman Trophy at the end of the season. How many games 
does Kathleen need to win for her Quarterback to get the Heisman? 


League rules say if you have more than 10 penalties in the season, your team is disqualified. 
Kathleen wants to make sure she spaces penalties out evenly over her 16 games. What’s the 
maximum number of penalties she can get per game and not get disqualified? 


-19-18 -17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
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sharpen solution 


G», sharpen your pencil 
‘ el tion 














Now that you can handle negative inequalities, you can solve 
Kathleen's penalty points problem correctly. Here are a few other 
inequalities to try out, too. Use the number line at the bottom to 
check your work. 






“l’m playing my brother's team next so | want a safety net for the 
upcoming game. | want at least 50 yards off my opponent.” Figure out 
how many penalty points Kathleen needs to buy. 


abangtaye toa neses tweety : d OE ge ie ea ee a 
SEP ORE ee ie ee ce coer nena cnn neds 











The league gives 40 points for each game you win, and you have to have more than 
260 points to get the Heisman Trophy at the end of the season. How many games 
does Kathleen need to win for her Quarterback to get the Heisman? 


4Ow > 260 


esbia le a ane e fand ole ara) asevel ocecae a aetG, 9 eid ecahe nial euag! steiner aFbus" sere: dreyelessle, eee ove 0.9 diel ace tpi’ 8, eral alh ist ePee gine aoe, areola lore eyelid loiave bye tnloia”atale,avee'o'd att eiete, aeletele acorn: ave erecnisle: 86/0 letpleiw.elarePa eiecare sialon 86 


ER PP IE DE RE © BCT GO CDSE CAE IE Sen © ee a > ay 







League rules say if you have more than 10 penalties in the season, your team is disqualified. 
Kathleen wants to make sure she spaces penalties out evenly over her 16 games. What’s the 
maximum number of penalties she can get per game and not get disqualified? 


__ The mathematical answer is less than or equal te.0.625 penalties per. game, but singe You. ¢an'k get. 
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| =e] \ Math Magnets 


4 Using the magnets below, fill in the blanks to solve the inequalities. 


) 


12 > 2x — 4x + 16 


—16+12> 2x - 4x + 16 


Choose any cael 


a satishies the nea 
12 > 2(5) — 4(5) + 16 


Cheek your work: 


inequalities 


15 — 3y >- 9y + 18 


—18 + 15 —- 3y >- 9y + 18 


> 
3) >— Oy + 3y 
—3>- 6y 
—3 —6 
y 


Cheek your work: 


15 — 3(3) >— 9(3) + 18 


Put your solution back into 
the original equation to make 
Sure You got things right. 


ES 
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math magnets solution 


~~ 4 Your job was to fill in the blanks and solve the inequalities. 
\ 
To combine like terms, You 
need to put the numbers 
on one side and the 
are A ee variables on the other 45 _ 3y >— 9y +18 
Vike terms Ty 
—16+12> 2x —- 4x + 16 -18 + 15 - 3y>- 9 +18 | a8 
ane 
_* » Sp- oe 
) at by 3 
mee —2 ve dividind ate 
ne =2* eer number ete sy 
Flip the vemnove the mequa Y ae is 


inequality! == x NX____ —6? 


Cheek Your work: y ee ty 


12 > 2(5) — 4(5) + 16 


| bo 
Meine mab een eee, ae \r.woid 15-303) > 9(3) + 18 
nea yee ee patina ks 


would have wor worked 


= Gea) 
looked easier" 
Kayes 


Cheek your work: 











I thought inequalities had a solution 
SET as an answer. How can we check our 
work with just one value? 





Check your work with a value 
from your solution set.... but 
which value? 

The solution set has lots of values. In fact, 
let’s take a closer look at solution sets on 
our number lines... 


218 Chapter 6 


Download at WoweBook.Com 


inequalities 


You can visualize a solution set on a number line 


The number line is a great way to visualize a solution set. You’ve been using 
number lines to show points, but how about a range of points or an 
entire solution set? That would help us pick numbers to check our work 
and also help to understand what numbers will satisfy an inequality. 


Here’s what we need to do: 


. is Kathleen's we 
Te teak aay 20" g < 103,000 


Determine the point of interest (in this case, 103,000). This is the known 
boundary point of your solution set. 


wie Look at the inequality symbol to decide what type of point to start with. 


< or > Disscenoreneiels 1 W) B_ This indicates that the solution 
set goes up to the boundary, but 
does not include it- 


-— This indicates that the 
O soution set intludes the 


boundary point. eas 


40000 50000 60000 £70000 


< of > Draw a solid point. 


-10000 10000 20000 30000 80000 90000 100000 


Draw an arrow along the number line in the direction of solutions that work. 
That’s to the left on your number line for “less than” solutions and to the 
right on the number line for “greater than” solutions. 


We want less than (or equal to), 


103,000 
so our line goes to the les J 
-10000 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000 
-—_— All the numbers from the circle a 
at 103,000 and below are you are here > 219 
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no dumb « 


thereyare no 
b Questions 


pum 


Q: Why bother with the number line? 


A: The number line is useful as a tool to help you 
understand a solution set. If you are having trouble visualizing 
which numbers are included with your solution, try plotting your 
inequality on a number line. 


Here’s another way to think about the number line: a number 
line is really just a graph with a single axis. And your line is a 
plot of all the points that solve your equation on that axis. 


Q: Isn’t all of this number line stuff a little juvenile? 


A: Absolutely not, especially if it helps you get your 
solutons. Anything that helps you to understand an inequality, 
a relationship, or a solution is valuable and should be used. 
Just because you learned about a tool when you were younger, 
doesn’t make that tool less useful now. 


Number lines, in particular, are extremely helpful when you’re 
trying to work with integers and inequalities. When you go back 
and forth around zero, it can be easy to lose track of which way 
you're going! 


Q: What do we do if there’s a big number and I can’t 
draw a line that goes up that high? 


A: You need to be flexible with how big your spacing is on 
the number line. When we showed the quarterback’s salary on 
the previous page, the tick marks were 10,000 each. Until then, 
they’d been at 1 or 10 each. It just depends on your problem 
and the situation. You can always draw your solution; you just 
have to show your number line in the proper scale. 


You can change the SCALE 

on your number line without 
affecting the VALUES on that 
number line. Use whatever 


scale makes sense for YOUR 


particular inequality. 





ae POINTS 


Number lines are a great tool for 
checking work and visualizing 
solutions. 


@forsor= 





7 Otor<or> 


= Just indicate the direction of the 
range on the number line—you can’t 
draw them all! 
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inequalities 


Solve the following problems and graph the solution sets on the number lines. 





The high school baseball league is trying to determine their MVP, and they’re reviewing the stats 
for the season. To win MVP, a player has to have a batting average greater than 0.320. The batting 


average is the number of hits for the season divided by the number of at bats. There are 12 games in 
the season, and each player has 4 at bats a game. 


How many hits does a player need to be a contender for the title of MVP? 


-19-18 -17-16 -15 -14-13-12-11-10 -9 -8 -7 - -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 


It’s the last round of darts between Joe and Sam. The score is Joe, 18, and Sam, 12. Whoever has the high 
score after Joe’s turn is over wins. There’s also a rule that if you hit your opponent in the ear with a dart, it’s 
an automatic deduction of 3 points. Sam said something about Joe’s Mom, so now Joe wants to know how 
many times he can hit Sam in the ear and still tie or win the game. 
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exercise solution 







Solve the following problems and graph the solution sets on the number lines. 


The high school baseball league is trying to determine their MVP, and they’re reviewing the stats 

for the season. To win MVP, a player has to have a batting average greater than 0.320. The batting 
average is the number of hits for the season divided by the number of at bats. There are 12 games in 
the season, and each player has 4 at bats a game. 


How many hits does a player need to be a contender for the title of MVP? 





h 
MVP batting average > 0.320 In 4 puken To isolate the 

ete ie Ee eg 

No. of games * 4 bats a game Ts eat huntan Shiite ee tan /- to multiply by 48 


PR NRA eR eE Toe TACT MUR TR a COTO ttre CNR RAT COR WO PP ua telat lec hee cer 
Think about the problem, ris is the 
hte ta Ae hace leaner ty Recah Geto ie Reebok we tant have, 0.36 OF 8 cccececsseesseesneghution S€ 
hit, so really it’s h > 19. , 


-19-18 -17-16-15 -14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 ? 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 


It’s the last round of darts between Joe and Sam. The score is Joe, 18, and Sam, 12. Whoever has the high 
score after Joe’s turn is over wins. There’s also a rule that if you hit your opponent in the ear with a dart, it’s 
an automatic deduction of 3 points. Sam said something about Joe’s Mom, so now Joe wants to know how 
many times he can hit Sam in the ear and still tie or win the game. 

” a. We used “Ee” 


Joe’s store after > Sam's store now 18 — 3(E) > 12. ter ear. 
Joe’s store now — lost points > Sam’s store now 16 + 18 — 3(E) > 12 7 
More getting started seek ~ 3(E) > —6 


Divide by a negative, so lose KE) ok 
the inequality symbol. > —B— > 


Flip the —— ¥ Joe can whack 
ibaa tec ileal tala att Sete PAR ok test ini tacaiphs Bebe, fc ANCHE St E<2 Sam twice in the 
ear and still tie! 


-19-18 -17-16-15 -14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 ° 1 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 





The whole solution set for the INEQUALITY goes on forever, but for our 
PROBLEM, it stops at O. You ¢an't whack a guy in the ear negative times! 
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Inequalities can have 
TWO variables 


Kathleen wants to pick a different defensive team. That 
gives her more money to work with for the Quarterback, 
but now she has two things she doesn’t know... 















T need some help - 
$103,000 is not enough 
for a quarterback... 











SimFoothall Fantasy League 


Home Away League News 














Salary 
cee ay Position Name ae 
defensive : Pikes [5197000 
: pick and Running Back 
car 






freed vP Sant 
more cash. 


Se Rane deere is avzano | 
a 








Kathleen ean 


only spend 








harpen our pencil 
“i y 





Use the information above to work out the new inequality for the 
two missing salaries: Defensive Team and the Quarterback. 
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sharpen solution 


herp your pencil 
IN Solution Your job was to work out an inequality for the salaries of the 


Defensive Team and Quarterback. 












Defensive Team + Running Back + Wide Receiver + Kicker + Quarterback < |,000,000 


Yathleen put 
hahedeas hese ovys back. LeU Dah sac Re Uae War eeel gS ed CMa STNG OEDEMA LE Bola GOES ONS CRORES OREO ES TN vid sein bd oo alarcia Grane ere Ba teeten whee Ls 


Let’s eall this d- 


—-, 
Zadesthcecne Denia: on Bes eb eke atest tates See Ma atyteheeern sina Un doceeha So, here is our BORO oa 5, ©, 5 ae ee er 
final inequality. 


So, what can I 
do with that? 
Subsitution? 


Put 185,000 


Seat he sf in f 
Substitution is sis 


almost always a 
good idea. 

For example, suppose you 
find a quarterback you 


eee ses oe: ~ 185/000 + d+ 195,000 < 436,000 — 185,000 


d + 185,000 < 436,000 


You can substitute back : 

into the inequality, and You dont need te eee 251, 000 

then you'll always get flip the inequality S 

another valid inequality here, this ‘s just N 

that you can use for the subtraction. ow we know how 
defensive team, d. much is left for 


he defenseive team. 
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inequalities 










Trial and error every time? That seems 
really inefficient. Is there another way? 


Remember graphing? With equations, a graph gives you an entire line 
worth of solutions (if the equation has two variables). So graphing is 
actually a way to see the solutions to an equation. 


Let’s try graphing a basic inequality. There are a couple of things to 
keep in mind: 





e When you graph an inequality, start with a line. 
7 se Just graph the inequality the way you would any other equation. 


~. 


> (2) Figure out what range the inequality's solutions fall in. 
we me, Is your answer above or below the line? This is similar to graphing with 
the number line: think about how your answer relates to your line. 


These are just some © Mark the side of the line your solutions are on. 
oe Seni L /[- You can used dashed lines, solid lines, shading... anything you want. 
started; wel! 4 

into details soon! 


harpen your pencil 


WN Try graphing the inequality on the graph below. 





>3x+2 
Use this SPate 4 


r 


oR Your w k 
if You eB el 





st. “8 we ll 
the next 


Just do your be 
talk details on 
few pages: 
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sharpen solution 


harpen our pencil 
vr ! Solution 
This is in Point. 


slope form! 
™~x y > 3x i. y) \ (y-interter 






Your job was to try and graph the inquality below. How 
did you do? Here's what we did: 







m (slope) 








Use your yrintertert . 


plot a point, at (0, 2). 


: , Ming the slope, 90 up 3 and over 









Since y is greater on€ tor your second point (1,5). 


than the line 
equation the are 
or greater Y values 
is shaded. 








Here’s the lin é 


The line is dashed because it’s 
The solution set is the See than?” co it’s over, 
ENTE 4 gee pie but not including the line. 

ny value in is are 
are for the inequality. 
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inequalities 


Use a graph to visualize the solutions to an inequality 


Graphing inequalities in two variables 1s like graphing equations, with some extra shading. (Just 
like solving inequalities is like solving equations.) If you have an inequality, to graph the whole 
solution, you need to do the following: 


@ Start with a valid inequality in two variables. ‘The variable on the 
vertical axis (usually y) needs to be isolated. 


2] Decide the format for the line: 


oundaries a 
< or > Drawadashed line, met eee baneity the same ide 
gs the ones that a 
sed for Lhe numoer 
< Of ©}  Drawa solid line. ——<————== tel 





3) Draw the line the way you would an equality. Just make sure that it’s 
dashed or solid, depending upon your inequality. 





4] Figure out if the shading should be above the line or below the line. 


y>or= Shade higher y values. | 









y<or < Shade lower y values. 








5) Shade the graph. 


eSB RAIN 
WPaweEe 


What does the shaded region actually represent? 
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shading an inequality graph shows solutions 


Answers made in the shade 


Look at our example from earlier, and plot one of the solutions. Does that tell you 


anything about what the shaded area represents? 











" /(-1.5,3.2) @ 4 





i A dashed line (because 






its Greater than). 




















Shading shows potential answers 


The ordered pairs in the shaded region satisfy the inequality. Every 
pazr ts a solution! The great thing about this is that it makes trial and 
error a thing of the past. If you decide you want x to be -1.5, you 
can use all the y values that are greater than the line and still satisfy 


the inequality. 


Give it a try! If you substitute in both numbers, you should always 


get a valid inequality: 


\t’s glotted v? Try (-1.5, 3.2) 
on Une grants a 


and wes we 
gnaded ayes 
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-4+ 
All of the 
shins ordered pairs 
X ° 
J in the shaded 
3.2 > 3(-1.5)+2 region satisty 
3.2>-4.5 +2 the inequality 
3.2 >-2.5 
Q Cee, the 
nerve} | 
still nalds. 
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inequalities 


1 | , 


+ 
WHS BoOES WHAT? 








Match each inequality to its graph. 
Be careful, not every equation has a graph! 


ae gu ality Its graph 





t > 2(d — 0.5) 
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who does what solution 


+ FG 


+ + 
WHE DOES war? 
, SeavcoeomTmieaw 


Match each inequality to its graph. 











Be careful, not every equation has a graph! 


Its graph 














inequality 





t > 2(d — 0.5) 


y—-3>x-7 














The inequality is similar to 
the first graph, but the 
inequality is the wrong way 


y2-5-3 
















This one has the wrong 
variables (not téd). 


y > 2(x — 0.5) 














This is similar to the 
setond graph, but it 
y-32>x-7 would have to be a 


solid line. 
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inequalities 



















So I can graph the players I have left, then 
all I have to do is look at the rosters and the 
graph to figure out the options I've got. 


G harpen our pencil 
“ y 


aot ee Graph Kathleen’s inequality. You'll have to 
This 's er d+ qd < 436, 000 get din terms of q first. We’ve setup the 
grid so it will work for the problem, so be 
sure to pay attention to the tick marks! 


earlier... 


100000 200000 300000 400000 500000 600000 
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sharpen solution 





Graph Kathleen's inequality. You'll have to 
get din terms of q first. We've setup the 





ncil 


ion 


harpen your 
as 


grid so it will work for the problem, so be 
sure to pay attention to the tick marks! 


d+q < 436,000 


6,000 


-gtdtas< 43 


¢ 


have a slope © 


18 6177000: 


This means YO 


als 


\ 


Your “qd” 


intercept 


is 436,000 


x 
GRINS coarse 
7 - usencnasacs ee AO 


00000 600000 


ASN aN RRR. 


01nd, to get a 
after all) 


the solutions can only 
1) 
to pay you 


be positive (you're no 


For the proble 
quarterback 











bas PALER ANN OE ie 
oe 


= 
> 
= 
<£ 
Oo 
< 
a 
= 
>a 
6 8 
3 
> 
t= 
gana gscRLeH eA PRGAR ANTE DER ITAA OROEN J Sederncaane se o- = 
mm 3s fs 
9 oO 
4 poner) 
vu 
£3 es 
% 33 
ry) oO 3 
. E38 
ites <= 
i SR nics egcanrmananeNe RE 3 <u 
ts] 
<7 
Ly 


ERR ERO ARNGRRRO ETI, 


o 


for 


— 
a 
Seen cannes” 


\ e whol 


gil, 
2 ea 
OR AIE SPRITE: 


EA RASS EAT LOLI LOL EEE SES 
is = ciscemeeets al 
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inequalities 


Are you ready for some football? 


Now, using your graph, help Kathleen 
make some picks. You need to pick 

a defensive team, and then see what 
quarterback you can afford. To use the Team Cost 
graph, pick a defensive team, and find 


$300,000 
it on the d axis. Then, read across for q 

values that will work. [__Eagles_| 

Try and get as close to using all Kathleen’s — $250,000 





Quarterbacks 
WET) Cost 


Pat Brums $199,950 























available money as possible. 








50000 100000 150000 200000 250000 300000 350000 400000 450900 500000 550000 







Ok - so who is it?? I need a defensive 
team and a quarterback! 







Defensive Team: ooo... e eee eeeeeeeeeeeeee Quarterback: ooo eee ceeeeeeeeees 
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kathleen has a team 


234 


With the Eagles 3500007" 
at 200,000, 3000004, 
ou Can axrord fe 
a OB just shy of 

£750,000. 







Excellent! The Eagles are in for my 
defensive team, and Dan Dreter is taking 
the Heisman this year! 

















Quarterhacks 


Name Cost 


Tony Jaglen $208,200 


avaWaltg) 
a 


Dan Dreter 
N $202,400 | 





Cost 
00 000 

















ae 42300,000 mark. 
This is the i Lerbatks vP 


ou can have qa" 
" about #150,000. 


1 


50000 100000 150000 200000 250000 300000 350000 400000 456900 500000 550000 
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Inequalitycross 


All things (not) being equal, while you’re waiting for the season 


inequalities 


to play out, pass the time with a crossword. 


2 ae aeeeee 


ba 


i ES A 


Across 


2. Inequalities have up to an 
solutions. 
4, Depending on how complex your inequality is, you might 
need to flip the sign 
5.When you graph an inequality, the answers are e the 
area 
10. You can plot an inequality on a 
visualize the relationship. 
11. The uppermost or lower most value that solves the 
inequality is called a 
12. Negative numbers get 
zero. 
13. Large negative numbers are 
ones. 


number of 





to help 


as they get closer to 


small positive 





an N 
N 


Down 


1.An equality says two things are equal, but an inequality is a 

3. If you multiply or divide by a negative number across an 
inequality, you need to it. 

5. The shaded part of a graph represents the 
_____ for the inequality. 

6. Solutions to inequalitiesshould be considered in the 
___sof the problem. 

7. If the boundary is not included in the solution set when you 
graph it you should use a 

8. If the boundary is included in the solution (equal-to), you use 
a circle. 

9. If the inequality is greater than or greater than or equal to, 
then you shade the part of the graph. 
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inequalitycross solution 


KB Inequalityeross Solution 


PUN PUNT 
L 
Ulu Titel ej e | rit Mie] s | 


see | |e) is) BS) 
N 
EBS 


‘S| 
9 | 
ae 
oo 
ee 


uw 
Fd Ei aaa 
: 
a ee) 


a 
oO 
Nv 
| 
he 
x 
| 


See N EAR 
ee 
T 





236 Chapter 6 
Download at WoweBook.Com 








inequalities 


On Tools for your Algebra Toolbox 


inequalities. 





Less than 


This chapter was about algebraic 


<__ means less than 


Less than or equal to 


mushed vp with an 


less khan equals SiQn 


ee 


c eaual fo” sign. 
—_— — =e Z 
KY 


greater than 


Le 





This is the “less than 


Greater han or equa 


Greater than 







Sie ren te 






mushed up with an 
equals sign This is the ‘ ‘greater 
\ than or equal to” Sign. 


ae 








ae POINTS 


Number lines work for visualizing solutions for one 
variable inequalities. 


» @fo <or= 
= Ofor. <or> 
= = Indicate the direction of the range on the number line. 


= ~The Cartesian Plane works for visualizing two variable 
inequalities. 

= Use a solid line for graphing “less than or equal to” and 
“greater then or equal to” inequalities on a Cartesian 
Plane. 


Use a dashed line for graphing “less than” and “greater 
than” inequalities on a Cartesian Plane. 


Once you've drawn the line, shade the region above or 
below the graph where the valid solutions are. 


When you solve an inequality, you get a range of valid 
solutions called a solution set. 


To solve an inequality, you manipulate it like an 
equation, unless you have to multiply or divide both 
sides of the equation by a negative number. 


When you multiply and divide the equation by a negative 
number, you need to flip the inequality. 
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7 systems of equations 


* 
Know what you don’t know 
* * * 














Well, I understand you don't 

know either... but what else can you 

tell me about what you don't know? Yes, 
dear... it's really important. I need to 
know what you know about what you 
don't know. 


You can graph equations with two unknowns, but 
can you actually solve them? You've been graphing all kinds 


of expressions lately: C and t, x, and y, and more. But what about actually 


solving equations with two variables? That’s going to take more than one 
equation. In fact, you need an equation for every unknown you’ve got. But 
what then? Well, a little substitution, a few lines, and an intersection are 


all you need to solve two-variable equations. 
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preparing for the party 







It’s New Year’s Eve, and Zach 
has a bunch of people coming 
in just an hour. Problem is, he 
hasn’t made drinks yet... 





My girlfriend was supposed to do this, but 
she's still getting ready. I have no idea how to 

make punch. She said the punch has to be 52% 
sparkling, but that's all I know. What the heck am 
I supposed to do with these percentages? 














+ = 
40% sparkling How does that make 
pineaprle juice. 52% sparkling Punch? 
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5 gallon 
punch bowl 


systems of equations 


Help Zach out. He needs an equation to figure out how much cider and how much 
pineapple juice to use to get a 52% sparking punch. 


Exercise 


Write the equation for the amount of punch to use: én... This.is just the. amount... 


in gallons, of each + 
This should be in gallons. at wits pe ype 


What form of linear equation are you using? (circle one): 


Standard form Point slope form Slope-intercept form 


Lt ™ 
Don't forget to 
label the axis: 


Graph the equation: 





, -10 -9 -8 -7 - -5 -4 -3 -2 -1 12 3 4 5 6 7 8 9 10 
Den t forget to -1 
abe] the ais, 2D 


What are the intercepts? 


What do they mean? 
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visualize the mixture 





Help Zach out. He needs an equation to figure out how much cider and how much 
7 eRCISE pineapple juice to use. 
QOLUtION 


Write the equation for the amount of punch to use: — The volume of the punch bowl is 5 gallons, so that’s the total. 
&— This is a linear equation. 
It’s got slope, intercepts, 
and no exponents greater 
than I. 


What form of linear equation are you using? (circle one): 


Gandara tor) Point slope form Slope-intercept form 


To graph this, You tould solve for the intercepts or 


manipulate the equation to get it into slope—intere. +, etp=5 
Then you'll know the slope, too. re # +e += 5-p 
¢=5-p 
Now tris is oF =-p +5 
Lorre Y ae '& - 
ee slope 
What are the intercepts? = het TE pc 2., betas leet alctcehacedbns ania batscntentle 
o for ¢. 
—_ O+ P= 5 


What do they mean? If ¢ = O, then the punch is all pineapple juice, and if p = O, then the punch is all cider. 
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systems of equations 













Meas forget to 
label the axis: 


Graph the equation: 


¢tp=5 


Chart with (0, 9, 
usind, the intercept (0, 5) 


The slope is I, 
which means down | 


to the right I. 


BRAWN 
6 y= BARBELL 


What does the graph show? What happens as c 
gets bigger? What about as p gets bigger? 
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some answers won't make sense 


BRAIN 
oye BARBELL SOLUTION 


What does the graph show? What happens as c 
gets bigger? As p gets bigger? 


This graph shows that as ¢ goes up, P goes down. 











A line means infinite solutions A line 
—_—— 
Since we have a line that shows the entire relationship between p represents 
and e, we know that this equation has an infinite number of 
solutions for the problem. That means that there are an infinite an intinite 
number of ways to mix up cider and pineapple juice to make 5 an pee 
gallons... which does not help Zach. number of 
points. 
(_| ) 6) 
6 5 4 3 2 4 2 3 4 5N6 
A 
2 6 gallons of tider 
ane te na 3 and -| gallon of 3} ¢=-p +5 
9allon ti “41 4 = -1 +5 J pineapple juice 
would Work. a Sade would work... —b + 51 
6 








Look closely at the graph. Do all of 
the solutions represented by the 
line make sense for THIS problem? 
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systems of equations 


You can’t have -1 gallons of liquid! 


If you’re working with a real-world problem, you have to keep in mind your 
problem’s context. The values for ¢ and p can’t be less than zero because 
you can’t have less than zero gallons of punch. 


So we know that some of the answers on our graph don’t work, but we still 
don’t know what mixture Zach should use. So what do we do now? 






So what was the point of all 
that graphing? 






We have MANY 
solutions. 


All Zach has is a bunch of 
ways to mix up cider and 
pineapple juice to get 5 
gallons. But Zach needs more 
than just 5 gallons of mix. He 
needs 5 gallons of mix, and 
he needs a 52% sparkling 
punch at the end. So there’s | : 
something we’re missing... 2 40% sparkling 
pineapple juice. How does that m of 
2% Sparkling Pantie 


5 gallon 
punch bow! 





Zach is worried about how sparkling the punch is, not just what will 
fit in his bowl. Write another equation for the punch. This one has to 
be about how sparkling the punch is, not the overall amount. 
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two variables means two equations 


G harpen our pencil 
Dy Mea tion 


To write an equation Lov this, 
Figure out the amount of 
0, that would be in one 






sparklin 
mixture of punch: 










Q: Where did those numbers before c 
and p come from? 


A: We applied the same logic to c and p 
that we did for the total volume of punch. If 
you can multiply the total volume of punch by 
the percentage of sparkling (converted to a 
decimal), you can do the same thing for the 
other two liquids. 


100% sparkling cider = 1¢ 
40% sparkling pineapple juice = 0.4p 


Q: How can you just “figure out” the 
amount of sparkling punch? 


A: This problem of Zach’s is actually a 
classic mixture problem. Mixture problems 
like this are usually based on a proportion, in 
our case, how sparkling the punch will be. If 
52% of the total punch needs to be sparkling, 
then the amount of punch that is just 
sparkling is 2.6 gallons (52% of 5 gallons). 
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¢ stands for the 


wipiotie wie wee aveceedeue irae suk Gn Volume £ eid Rr Creerees Cee eee 
ot Cider t Pe p stands Lor the volume 


of pineapple juice. 


sf 
We dropped the | from le. 


Your job was to come up with another equation, related to how 






sparkling Zach's punch is. Here’s what we did: 


1“ _~ This is the total 


le + O.“%p = 0.52(5) 
(\.0): 


Seay no 


Dumb Questions 


Q: Can | rewrite the equation in terms 
of x and y to make it easier? 


volume of punch. 





Q: How can we work with these two 
equations together? 


A: Sure. Either you can have the equation A: That’s what’s coming up next. But the 


and the graph in terms of x and y or in terms 
of cand p. It’s really up to you. 


: How much do we need to worry 
about negative solutions? 


A: For this problem, you don’t need to 
worry about negative solutions since you 
can't have negative punch. 

We'll look at how to express those types of 
limitations as part of an equation when we 
learn about functions in a few chapters. 
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volume equation has an infinite number of 
solutions, and the sparkling equation has an 
infinite number of solutions. There’s a way 
those solutions can work together... 


systems of equations 


How does the sparkling equation work? 


The problem Zach has with just the first equation is that there are an infinite number of 
ways to mix the ingredients together and get 5 gallons of punch. But none of those solutions 
specifically deal with his girlfriend’s request that the punch is 52% sparkling. 


By coming up with another equation that deals with the mixing, we can figure out which 
solutions create the right mix. This second equation will help because we’re using the same 
variables representing the same thing. 


c =The amount of sparkling cider, in gallons. 


p =The amount of pineapple juice, in gallons. 


To develop the second equation, we took the second piece of information that we had 
about each variable—how sparkling each liquid is—and applied it to the variables to 
come up with a new problem:. 


Zath's girlfriend gene 


him this number: 
hea 52% carhonated _ Se suive nazy about how 
5 gallons x 0.52 ok with decimals and 


: he 
tents — jum? 


punch 
= 2.6 gallons 


This is how much pure 


sparkling liquid we need. a 


If you apply the same idea to the e and p variables, we’ve got a new equation. 
The sparkling cider is 100% sparkling, and the pineapple juice is 40% sparkling: 






— 
This is the volume of 1c + (0.4)p = 2.6 
cider that’s sparkling, 
(all of it). 


n 
Ae ravers ° Pineapp| 

e 
a Acie Carbonated 


We’ve got another linear equation 


This is another linear equation in terms of the same 


QB RAN 
PQwereR 
What can we do with the 


second equation to help find a 
solution to the punch problem? 






variables that we used in the first equation, ¢ and p. 
This equation is in standard form, and you can work 
with it in exactly the same way. 


you are here » 247 


Download at WoweBook.Com 


two equations wiih the same variables 





{rm POINTS 


= ~The graph of a linear equation is the = You always need to remember the 
infinite number of solutions that context of the problem. 
solve the equation. 





Now we have TWO linear equations 


So now we’ve got two equations with the same two variables. e is the 
volume of cider, and p is the volume of pineapple juice. Since both 
equations talk about the same thing, with the same variables, they can be 
looked at together: 


We know that this is a linear equation — 
—5 4 hich means that all the points on the 
C + p ~~ solution line solve this equation. 


Cc + 0.4p = 2.6 This is a linear equation, too. All the points on 


this equation’s line solve this problem. 


One equation is in terms of total volume of punch, and the A linear equation iS 
other is in terms of the sparkling volume of punch, but both 

equations are about volume. Each equation comes with represented by a 

an infinite number of ordered pairs that will solve the equation. 

Remember, solving an equation means coming up with values for LINE. Every point 


the unknowns that will make that particular equation true. h li . 
What we need, though, is a set of numbers that will solve both on that line 1s a 


equations. We want a set of numbers that will result in 5 gallons solution f or Al 
of total punch and that will also result in a punch that is 52% TH T 


sparkling. So how can we find a solution that works for both PARTICULAR 


equations? 


linear equation. 


Let’s start out by graphing these two equations... on the same 
Cartesian plane. 
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systems of equations 






GRAPH 
Ir! 


Graph both punch equations on the same Cartesian plane. 


SS 
+ 
> 

I| 
ul 


c+0.4p = 2.6 








]NWAUOAN COO © 





10-9 87 65 4-3 2 -l,y LT2e2ems © sf 8 2 Ww 











Use this space for an 
Y work 
to do to graph the Sash ne a 
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graph it solution 





GRAPH IT! 
SOLUTION 


Graph both punch equations on the same Cartesian plane. 














c+p=5 c+0.4p = 2.6 
10+ © 
9 
8 
: iV 
coe + OAR = 26 6 ee What do y° t 
as 7 ‘ oii ) 
niga think this p : 
S° 
3 (4, 1), mean: 
When you plot (O, 2.6) a>) ¢ : 
the joint | P N 
Point just past half—way 1 
between the 2 and the 3, | Ae p 
-10 -9 -8 -7 -6 -5 -4 -3 id ep 123 4 5N6 JZ 8 9 S 
| 
-2 
-3 
-4 We already did ¢ 
5 +p= 5, so this 
is the same line 
6 fom earlier. =, 
-7 
-8 
-9 
-10 
een ct Otp= 1b a. Ate there any points that solve both equations? 
tae GAP tet OF = 25 - OFF Ib locks ike (41) will work for, BOTH eouations. 
e=-O4p +26 


Just convert that slope to a fraction 


and it’s muth easier to work with. 
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systems of equations 


The INTERSECTION of the lines solves 
BOTH linear equations 


The point where the lines meet is the pomt where both equations 

have a solution. So for Zach’s punch problem, we need to find 

where the two lines meet. That’s the amount of liquid we want to P 
make the perfect party punch. “Perfect” is 9 gallons of SL'% 


a sparkling punch. 
To make the perfect punch: 


, in The volume of pineapple 


juice, in gallons ‘Sp 


4 gallons 
The volume of Suen = 1 gallon 
in gallons 


O Both equations individually have an infinite number of 
solutions. 
Each line is an infinite set of ordered pairs that satisfy that 
particular equation and make the equation true. 


O The point where the lines intersect solves the problem. 
The intersection is the solution because it solves both equations at 
the same time. The intersection is a point on both solution lines. 






Check the solution point (4, 1) in both equations to see if it works. 
Is our solution right? 





Gsharpen your pencil 
IN 





c+0.4p = 2.6 
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find the solution to both equations 
ep your pencil 
IN Solution Your job was to see if (4, 1) solved both punch equations. 








Solve multiple unknowns with a 
SYSTEM of EQUATIONS 


You've just solved a system of equations! A system of equations is a 

J y q y q 

group of equations that can be treated as one problem. The solution is the 
point that satisfies all of the equations at the same time. 


Tosh te. ve 
S¥sten, of 


equations Solution: (4, 1) 


When it comes to a system of equations, though, you have to 
have two equations to find two unknowns. Why? Because if 
you only have one equation with two unknowns, you have a line that 
goes on forever. 


To know which point on the line to pick, you need more 


information. A second equation gives you a second line, and then If you have two 


you can find the intersection of the two lines to solve your system. 


unknowns you need 
two independent 
relationships to 


find the values of 


the unknowns. 
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Q: Do we have to check our work? 


A: Yes! Really, we’re going through this 
again? It takes like two seconds and then 
you know you got the right answer. Imagine, 
walking away from a problem knowing it’s 
completely right. 


It's also good practice for manipulating the 
equation and substitution. 


Q: Is graphing the only way to figure 
the answer out? 


A: Stay tuned, there are more options 
coming up! The big advantage of graphing, 
though, is that it helps you see what could 
happen if something changed in your system. 


Q: How did you know you can work 
with both equations together? 


there are no a 
Dumb Questions 


A: Well, it goes back to understanding the 
situation, not just manipulating equations. 
Algebra is a tool to solve a problem 
you’re dealing with, not the other way 
around. So when you’re working with 
equations, you need to always keep the 
context of your problem in mind. 


Zach was interested in a punch that was 
not only 5 gallons, but also had the perfect 
amount of sparkle. That means you need 
two equations, not just one. 


Q: What if | only have one equation 
and two variables, can | get an answer? 


A: Not without some kind of extra 
information. To figure out one unknown, you 
need one equation. To figure out two, you 
need two equations. To figure out three... 
well, you get the idea. 


More trouble... Zach dropped some glasses 


When Zach and his girlfriend were setting up for the party, Zach broke a few 
glasses. The glasses were rented, so Zach’s got to pay to replace them. Now 
Zach’s trying to figure out how many more glasses he needs, and he can’t 
remember how many of each type he dropped. Here’s what he knows: 








Kathleen said we 
paid $33 for broken 
glasses, and there were 7 
broken glasses. 








9? 
=) 


These tumblers tost 
d- each to replace: 


pe 


| ay 


ko = 
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systems of equations 


Q: What is a system of equations 
good for in real life? 


A: Quite a lot, actually. Mixture problems 
(like we used here), supply and demand 
situations, area and perimeter, distance 
vs. time problems..... pretty much anything 
where you've got two related unknowns. 


Q: If | have two equations with the 
same two variables, is there always a 
solution that solves both equations? 


A: Not necessarily. Sometimes there isn’t 
an answer to the two specific equations. This 
means the lines never intersect. 


The wine glasses 
cost 7b to verlace 


we 





BARBELL 


Write the two equations that Zach can 


use to figure out what glasses he needs. 
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visualize a system of equations 


Two kinds of glasses... that’s TWO unknowns 


Now that you’ve worked with a system of equations, you know that’s what we’ll 
need to help Zach. He has two unknowns: 


<—__ 
How many of 


these, x2 
these, Y% 


How many of i —_ 7 
; f 


Since we have two unknowns, we need 





two equations: 


O A cost equation: 4x + 6y = 33 
The tumblers, x, are $4 each, and the wine glasses, y, are $6 each. 
Zach paid a total of $33 in replacement fees. 


@ = A number of glasses equation: * + =7 
Zach broke a total of 7 glasses. 


Solve your system of equations using a graph 


Graphing both equations is a way to find the values that satisfy 
both equations. We can graph the line that solves each equation, 
and then find the intersection point. Then we check our work 

in both equations, and Zach’s in and out of the glasses store in 
time to party. 


1) Graph both equations. 
Use whatever method you want to put both 
solution lines on the same graph. 


© Determine the intersection point. 
Using the gridlines on the graph, find the point 
where the two lines meet. That point satisfies both 
equations. 


@ Check your solution point. 
Go back to both equations and substitute in your 
solution point. Make sure that the point is valid. 
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Let’s solve the glasses problem 


These are both im Be ene, ee 
standard form) $0 a 


wae dx + 6y = 33 ppg 
1) manipulate uy 
eyemet bie —Hx +4 + by = 33 - Fx fetkty=7-x 
easy graphing: Ay = 33-4 = 
: ao ee pass 
= 33 _ y=-xt7 
= (0, 7) 
0, 
ee ee pa Grete 
i b 







xt y = 7 
What the heck is that 


intersection point? 


We can’t read the 
intersection off the graph. 
Now what do we do? 
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substitute one equation in the other 


You can substitute substitution 
for graphing 


Sometimes graphing a system of equations just isn’t 
useful. The points of intersection aren’t falling along 
gridlines, for example. In those cases, you can use 
substitution to solve your system of equations instead. 


To make substitution work, start with solving one 
equation for one variable. 


© 
StL HF 


Atxty=T-y 
x=7-y 


We'll solve this for 


xin terms or Y- 









Now you’ve got a way to represent x in terms of y. 

So now, put that value for x into the other equation. 
That’s the substitution part: 
We use this value 


for x, in the 
4x + 6y = 33 SECOND equation. 
4(7 — y) + by = 33 


Now we ve got all Y = some number 
y) and ean solve 
this equation. 








Once you have y, just put that value back into your 
first equation and solve for x. 


Lor 


Use your valve 


Y to solve Lor % 
xty=7 F : 
pence eS The substitution 
*x = 7 = number method wor ks 
The great thing about substitution is that you can get a because a system of 
fraction or a decimal answer, and it’s no big deal. With the 
graphing method, that doesn’t work well. equations 1s a set of 


The substitution method works because a system of equations 
is a set of equations with the same variables. If you can solve 
for one variable in terms of another variable, you can get a 


equations with the 
same unknowns. 


valid equation in terms of one variable. 
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systems of equations 





oO POINTS 


= To solve a system of equations with of one variable, substitute it into the 
graphing, the intersection of the second equation, and solve for the 
lines is the solution. only variable left. 

= To solve a system of equations with = Asystem of equations is a group 
two variables using the substitution of equations that can be treated as 
method, solve one equation in terms one problem. 








Using substitution, figure out how many of each type of glass Zach needs to replace. 
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remember the context of the problem 


Using substitution, figure out how many of each type of glass Zach needs to replace. 


Q: Is the substitution method better 
than the graphing method? 


A: Better isn’t really the right word. 
Substitution has some advantages: you 
get an exact answer, and since you’re not 


estimating on a graph, it may be more exact. 


It has some disadvantages, too. There’s 

a lot of equation manipulation to be done, 
and that can take a while. Substitution 

also doesn’t allow you to see any of what's 
going on. If you are trying to figure out what 
happens anywhere else in your system of 
equations, substitution doesn’t help much. 
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4x + 6y = 33 


4(7 - y) + by = 33 


28 - 


So do 


thereyareno 
Dumb Questions 


Q: Why is it ok to treat both equations 
as part of the same problem? Can you 
really exchange two variables in two 
different equations? 


A: If the problem statement says that they 
are the same two variables, then they are! 

It can either be the problem situation (like 
Zach's punch) or two specific equations that 
are given together. 


The reason you have two equations and two 
unknowns is that you know two different 
things about how these things are related. 
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Ay + by = 33 


do You see anything 
SusPicious about this answ 


ere 





Q: How do | decide which equation to 
use first? How about which variable to 
solve for first? 


A: It’s a bit of a judgement call, really. The 
best bet is to look at both equations and 
figure out which one is the easiest to work 
with. The important thing to remember is 
that you will always get to the right answer 
eventually, as long as you keep your 
algebraic manipulation within the rules. 


systems of equations 













We didn't break half a 
glass. Kathleen must have 
gotten how much we paid wrong. 










Oh, sorry - I just 
checked again: it 
was $30. 


harpen your pencil ee 


IN Using Kathleen's new cost, figure out how many of each 
glass Zach needs to get. Graph the problem and then use 
substitution to check your answer. 


=< 


—NWSUuUAN OWS 








ot 
| 
dot 
N 
om 
wT 
bt 
wt 
I) 
=4 
Nt 
w 
os 
w 
at 
~} 
ot 
re) 
ra) 


SoboOYNaAHSWN 


you are here » 259 


Download at WoweBook.Com 


always check your work 


erp your pencil 
IN Your job was to (re-)figure out how many of each glass Zach 


needs to get. Graph the problem and then use substitution to 
check your answer. 





isis Seaa erece ed ayatd webb Rpeiepeah Set eK Seetond Wah aefelaleiste yee ee Dees acca sie geie fies new intercept 7, Go down 4 and 
n 


i 3 
We figured th 2 over & to (6,1). 
1 UE, eaelien.... : 

109 8 7-46 5 4-3 2 +1 


This hasn't 
changed. 





SOOYNAHSWN+ 
+ + 


Cheek with 
i sraratavene a’ raveSozdsors i substitution’ °"’ asare Ng Sraseie oils Sits coi stele S sratere TmreLOa ose S0iare fe (o"e: Sretslare, a ae q 


-YL -2dxt 


Zach and Kathleen have enough glasses and the perfect punch mix. The 
party is well on its way. But now there’s a new wrinkle... 
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The girls are going to leave if I 
don't get the music right. What 
do I need to do? 







Everyone loves a little slow dancing. 


Zach’s figured out that if he increases the number 
of slow songs, then more girls will stay. He wants to 
play a slow song for every two fast songs. 


But Zach’s got to put a playlist together for the rest 
of the party, and he needs your help. 


Each song is about four 
minutes long, and the party’s 
four hours long. 


Four hours of music 
=4 hours *60 minutes an hour 
= 240 minutes 





240 minutes = 


4 minutes a song D The Ey aater el 
songs for the party: 


Come up with two equations in standard form with two unknowns 
to figure out how many fast songs and how many slow songs Zach 
will need. 


G harpen our pencil 
“ y 
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sharpen solution 
harpen your pencil 
Dx Solution 






Come up with two equations in standard form with two unknowns 
to figure out how many fast songs and how many slow songs Zach 
will need. 






pl us the number 


; _ The number of of fast songs is 60 — we Figured out that 
__ Bayation #1, — total number of songs. lowsones Sgrorsiuensi fc rmae the total number of sonateos 
being played at the party. 







sO SAN em TOE RS 255 ince ininsloustnt Jongeonainother way to think of this i 
ae f£ to say that there are half as 


many slow songs as fast songs. 







rrerteseecararscceccersassceeeti speared EE at “there should be Harslacald stead ate a m cstaseets 
one slow song to 2 fast songs. 2s aoe yl 


Let’s re-write this so it’s in 2 
oteetsoeashge cule tied ol ee oaee ss standard form, too. > -f 2s =f 


Sa. 








ey no 


o 
Dumb Questions 
Q: Does it matter which equation comes first? Q: Can | use any variables that | want? 
A: When you’re working with a system of equations, it A: Yes! We picked s and fto stand for slow and fast, 
doesn’t matter what order you work with them. As long as but you can always stick with the basic x and y. If you use 
you consistently follow the rules of manipulating an equation something besides x and y when you're graphing, make sure 
consistently, you'll be fine. to label your graph axes correctly. 








Ugh. It just takes 
forever to do this... I wish 
there was a faster way. 
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IM Chat: Adding Equations 











Kristina 





a those letters are just numbers, right? } 
Yeah... e 


And they’re the same letters in each ] a 
onn 


r. Weds right? 


| 9 | (& 

Kristina Yeah, so? ~ 

iq What do you mean? : 
Lae John 


Well, we can add the first equation to the 
second equation. [o\ 
3 : : mY | 
Huh. That’s true, since the variables are the Kristina 
same in both. 


j What would be the point of that? ‘J 
ohn 7 


Well, what if you can cancel things out? 
Like won't the positive f and negative f 


cancel? Then you’d just have s to solve for. 
[ What? | still don’t get it... A Se 


- Jane 
Like this: S$ + f = 60 | These equations can be 

Now You have added together, just like 

One equation and 2s —f- = () J) you add numbers together. 


= 60 












































Kristina (On, | see, now we can just solve for s! 


That’s what | was thinking... 











Ie" 
mY | 
Kristina 


It’s sort of like substitution, but even quicker. 
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solve faster with elimination 


f is gone with almost no work 


With some clever addition, you’ve gotten fout of both equations. Because these 
two equations are a system of equations, and they have the same unknowns, you 
can skip some steps by just adding up all of the terms of both equations. If the 
equations are set up right, you'll lose one of the variables and make life much 
easier, without graphing or substitution. 


Now you can solve for s, and then substitute it back into either one of the 
original equations and solve for ft 







s+f= 60 

“7 fi+f=60 -20 

see os, 

wee ae ee 


Eliminate a variable with the ELIMINATION METHOD 


Solving equations this way is called the elimination method. The 
elimination method is the process of adding up both of the equations 
and then working with the resulting equation. 


First this: 3s ~ 60 
3 


s = 20 


This is a valid way of working with equations because both equations have 
the same unknowns, just with different relationships. Specifically, since 
youre dealing with an equation where the left side, st+f, equals the right 
side, 60, you’re doing the same thing to both sides of the other equation. 
So you're still following the rules of Algebra. This method is really useful 
because it can cut out a whole bunch of steps in your solution. 


Sum it up 


The elimination method — a method of solving 
a system of equations through adding the 
two equations together and working with the 
resulting equation. 
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Q: Can we always just make variables 
disappear? 


A: Yes, if your equations are set up the 
right way first. You need coefficients that will 
cancel each other out. We had -1fand+1f, 
which add up to zero. We'll talk more about 
how you can set that up in a moment. 


Q: Does it matter which equation we 
put the first solution into? 


A: No. Once you solve for one of the 
unknowns, you can substitute your value into 
either equation to solve for the remaining 
unknown. 


That makes sense, right? The solution for a 
system of equations is still the ONE point 
that will solve both equations. That means 
for that one point, x and y (or sor f) are the 
same for both equations. 


there are no a 
Dumb Questions 


Q: Why is it ok to just add up two 
equations like this? 


A: The elimination method is like high- 
speed substitution. The variables are the 
same thing at the solution point. So you can 
work with both equations because they are 
both describing the same variables. Each 
equation is just written a different way, so 
combining them gets you a single solution. 


Adding the equations together is just another 
way of working with all of the variables. It’s 
like manipulating both equations at once. 


Q: Which method should | use: 
graphing, substitution, or elimination? 


A: The good news is that any of them 

will work for any problem. As you saw, the 
limits on the graphing method is you have to 
be able to read the graph, so it’s tough with 
decimal or fractional answers. 


BRAIN 
Oy BARBELL 


Go back to Zach’s punch problem. Try solving it 
this time using the elimination method. 


Total punch equation a, 4 p 5 


systems of equations 


Substitution is the most straightforward, but 
it’s a lot of back and forth. That can take a 
lot of time, and there’s a greater chance 

for mistakes. Elimination is great if your 
equations are setup right, and they’re usually 
pretty fast, too. 


Q: What if the equations aren’t set up 
to cancel each other out? 


A: Then you'll need to manipulate one (or 
both) of the equations so you end up with 
variables that will cancel each other out. 


Suppose you have two equations, one with 
a -4f, and one with a +f. You could multiply 
that entire second equation by 4 (all of the 
terms, both sides of the equation so it stays 
equal), to get 4f, and then add the equations 
up. That will give you a situation where the 
variables will cancel out. 


Download at WoweBook.Com 


265 


you are nere >» 


set things up to cancel 


BRAIN 
——)) 
S ys BARBELL SoL_uTIAaN 
Your job was to solve the punch problem from 
earlier using the elimination method. 


M \tiply this entire 
These two won't cancel “Cc 4 Dp -_ 5 eayation by -| 
) =) oe = 
out — they've both POSTIVE 1S Foe ete So nteol eak i oe ee tay wat of yn Phorirs 


— c+0.4p = 2.6 






evinced Da A et Oe “Oa ae 


4 gallons of pineapple juice That's exactly ies 
=! and | gallon of cider. we got last time: 


The elimination method requires PLANNING 


For elimination to work properly, you must have two variables 
cancel each other out. 


These two canceled 
out because + — 
=O 





Nothing cancels 
out right away 


here. 





The songs system of The punch system of 
equations was already set equations wasn’t set up 
up to easily cancel out. to cancel out. 
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Manipulate your equations for elimination 


Add the two punch equations together and, you'll get an equation in two 
variables that you still can’t solve. To eliminate a variable, you need to 
have the coefficient in front of one of your variables be the opposite of the 
coefficient in front of the same variable in your second equation. 


After figuring out your system of equations, you need to look at the system 
and figure out a couple of things: 


O Do either of the variables cancel each other 
out when you add the equations together? 
For the punch equation, we started with 

+leand+le, and +lp and +0.4p. 

None of these cancel out right away. 





(2) If not, figure out what variable to eliminate. 
Which variable are you going to try and get to be the 
opposite coefficient of the same variable in your other 
equation? Here’s where some strategy comes in. 


Which variable? 


The options with the punch are to change one of the +les to a -le, or 
change around the +1p to a -0.4p, so the ps cancel out. 


Let’s try and work with ¢ since there aren’t any decimals. So how do we 
change a +le to a -le? Multiply the entire equation by negative one. Then 
we can add the two equations and use elimination. 


Determining the variable to cancel out, and manipulating the equation to get 
there, is the tricky part of the elimination method. Here are a few things you 
can look out for: 






h constants that 
other, like 2 and 4. 








Look for variables wit 
are multiples of each | 
And 1 works with anything. 






To make the variable constants Cancel 
each other out and keep your equation 
balanced, you need to multiply the entire 
equation by the right constant. 
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after eliminating a variabl 


le use substitution 


thereyare no 
G Questions 


pum 


Q: What if | pick the wrong variable to eliminate? 


A: There’s really no “wrong variable.” As long as you properly 
apply the rules of manipulating an equation, you won't get the 
wrong answer. 


There is usually an “easiest” variable, though. You'll get a better 
idea of which variables to choose as you have more experience 
solving equations, but if there’s one that has a coefficient of 

1, it’s usually easiest to go for that variable. Then, it’s easy to 
figure out what has to be done to the entire equation to make it 
work and eliminate the variable. 


Q: Why is it ok to add up the two equations? 


A: Because both equations are using the same variables, 
representing the same things. It’s just like adding two numbers 
together. But you can’t swap around sides or otherwise change 
the equations. Just add the two equations together to eliminate 
one variable, and solve. 


Q: Does it matter which equation | put my solution value 
back into? 


A: No, either one will work. But just like choosing which 
variable to eliminate, there’s usually an easier equation to use. If 
one equation uses whole numbers, and the other uses fractions 
or decimals, it’s probably easier to use the equation with whole 
numbers to get a quicker solution. 


Q: So | should use substitution for solving all my 
systems of equations? 


A: It really just depends on the equation. You can use 
graphing, substitution, or elimination, and all will work. It’s really 
just a matter of figuring out what works best for you in a certain 
situation, and going with that. 


Remember: as long as you follow the rules, you'll get the same 
answer no matter which method you use. 





ae POINTS 


Always check your work. 


= ~The toughest part of the elimination 
method is figuring out which variable 
to eliminate. 





= Always apply the same multiplier to 
both sides of the equals signs. 


= After you've eliminated and solved 
for one variable, use that value to 
solve for the other variable. 
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ELIMINATION CONSTRUCTION 


Look at the following situations, write the system of equations, and then solve them using 
either the elimination method or the substitution method. 


| two ways—either in advance for $18, or at the door for $22. He had a total of 1,512 people 
come to the dance and collected $31,566. How many tickets were advance sales, and how 
| many were purchased at the door? 


Zach has been working on figuring out his income from the party. He let people get tickets / 
é 





| Zach ordered 11 cakes for the party and paid for them, but the bakery called him up and | 
said they couldn't find his order. He knows that the tiered cakes will serve 150 and the 
| sheet cakes will serve 104. How many of each kind of cake did he order to feed everyone? | 
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0 a ne ew el ep eee oe eg ne 7. 2 ey am 
ELIMINATION CONSTRUCTION SOLUTION ) | 
Z, 
Look at the following situations, write the system of equations, and then solve them using 7 


either the elimination method or the substitution method. 


Zach has been working on figuring out his income from the party. He let people get tickets 
| two ways—either in advance for $18, or at the door for $22. He had a total of 1,512 people 

come to the dance and collected $31,566. How many tickets were advance sales, and how 
| many were bought at the door? 








1 
| Ue be is hs Ja) d= 1512 —— > -1@la +4) = 1001512) Ba 18d = 27,216 | 
Cancel out, the + 
| First equation (6) + 224 = BUBB nan POH Bd 2 3H ; 
needs e ———— 
multiplied by -I8 Ad = 4352 
| 4 eer 4 sipincestinighpiaialeidea'e'gicie is | 
| | 
-1088 + a +l = 1512. -1088 
| ogabiaGea baeatola.gras aa aigi ee aise eB ee ge ne S a TIGee = Ih OOO i. The advance les were J saeeINed oasis sede ees saceawen gis | 
a= 424 : 24; and the tickets at 
I cies cicsinssncraee pantitolarmpiaipienyagtieunterer eee ares a he door were 1088 foe i ee | 
| Zach ordered 11 cakes for the party and paid for them, but the bakery called him up and | 
said they couldn't find his order. He knows that the tiered cakes will serve 150 and the 
| sheet cakes will serve 104. How many of each kind of cake did he order to feed everyone? | 
| The total number | 
of tiered cakes bocce This is the total number -150(t + s) = -15001]) 
| see plus sheet cakes eee ay people jas éavlier: | 
is II. 
i reseed BT NDOT NON Sele ce tuccadens ts | 
ie = each lox pieces for 
ed Cake. eath sheet cake. | 





nia ey koe oi ier he | (ee ae ee eect ne Me eee ES 
| cee ae ay ere | ee! Zach needs 3 sheet cakes ag a | 
| sea sta bodega tae es NS ed on ee PA da ed dana ohed Shawnee Cl wed are and @ tiered takes to Aue AT taped ce eae bya wie es ae eae eae es | 
wo feed everyone. 
D epecutehctce chose otarseiaarads: ah cag eh st B loa SOM, Leste atte eh ohes atest a ola ye cae | 
ee 
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Head First: What’s it like being a system of 
equations? Do you find you have identity problems? 


System: Not at all—just because I have multiple 
equations, doesn’t mean I have multiple personalities! 
All of my equations work for the same problem. 


Head First: I didn’t mean to upset you. I just meant 
that being made up of two completely different 
equations must be tricky. 


System: It’s all I’ve ever known. Really, I just think 
it’s easier to have a couple of equations that describe 
me. The equations working together is what really 
makes me tick. Since I usually have two unknowns, I 
couldn’t be solved uniquely without both of them. 


Head First: There are a number of ways to solve 
you—let’s talk about substitution, okay? 


System: Ok. The substitution method is one of my 
favorites because it gives you an exact answer, but 
there’s really not much planning involved. You just 
go ahead and get one variable in terms of the other, 
and then switch equations and substitute. It doesn’t 
require any fancy thinking ahead. 


Head First: Doesn’t working that way occasionally 
get complicated? 


System: That’s truc. You get one variable, let’s 
say x, in terms of the other, which is probably y 
with some constants. As you start performing the 
substitution, there can be a lot of manipulating to 
work out a solution. 


systems of equations 


System of Equations Exposed 
This week’s interview: 
One problem but two equations? 


Head First: There’s another option for finding an 
exact solution, right? 


System: Certainly, that’s the elimination method. 

With elimination, you have to figure out in advance 
what variable you need to cancel out. Once you do 
that, all of the manipulation is done in advance. 


Head First: What do you mean? 


System: Well, with the elimination method, you 
add up the two equations, all the terms on the left of 
both equals signs, and all of the terms on the right of 
both equals signs together. As long as one variable is 
eliminated, you will end up with one equation in one 
variable. 


Head First: I sce, that does sound easy. But 
speaking of seeing—what about those of us who like 
to see what’s going on? 


System: Well then there’s the graphing method. 

To solve me that way, you just graph both equations 
and look for an intersection. Graphing is great for 
getting a sense of the trends of both lines and a good 
starting point for guessing what may be coming next, 
say if you add more cider. 


Head First: System, it’s been a pleasure. You’re 
complicated, but nobody can say there aren’t plenty 
of ways to work with you! 
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a party to remember 


Zach's party rocks! 









You've done a lot of work, so 
I want you to come out to the 
best New Year's party ever! 







Using the graphing method 
and elimination, you figured 
out the perfect punch. 









D = 44 gallons of 
pineapple juice 







Using the elimination method, you 
figured out how many slow songs and 
how many fast songs Zach needs to pick 
to keep the girls happy. 





slo 
Ww Son, 4s 


f= 40) 40 fast songs 






We're ready to party! 
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Yathleen, Zach's 
girlfriend 


When shopping leads to relationship ruin! 


While Zach has been busy planning his party, his girlfriend, 
Kathleen, has been getting ready too. 


In addition to being a fantasy-football mogul, Kathleen loves to shop. 
She’s been hitting the mall pretty hard lately, looking for something 
to wear to the party. 


Kathleen’s shopping is not something that Zach is a big fan of, so 
when she gets a good deal, Kathleen makes sure Zach knows 
about it. 


For the party, she needed dresses and shoes. She found an 
awesome sale: dresses for only $16 and shoes for $8 a pair. That 
means Kathleen only spent $72 in total! 


While showing off her purchases, Kathleen said that she bought 
twice as many dresses as shoes and got 6 things all together. 


Using his mad Algebra skills, Zach did some quick math and then 
got pretty upset. They’d argued about this before. “How could you 
lie to me?” he asked her. 


How did Zach know that Kathleen was lying? 
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mystery solution 


When shopping leads to relationship ruin - 
solved! 


How did Zach know Kathleen was lying? 


To figure out that Kathleen was lying, Zach needed to £ se] Minute 
to figure out how many pairs of shoes and how many Fi Tee 1 

dresses she actually bought. Let’s start with figuring Mystery 
up some equations: 


Selhved 


(1) Figure out the knowns from the problem: 


Dresses: We'll call them d, and they’re $16 
each. 


Shoes: We'll call them s, and they’re $8 a pair. 


Totals: $72 spent, and twice as many dresses 
as pairs of shoes for a total of 6. 


2] Let's write some equations and set up the system: 


Twice as many 


as sho 
2Zd+s=6 ° 


Cs 
16d + 8s = 72 Kathleen spent a 
Each ( total of #72. 
dress 1S i 
s|b. Shoes ave £8 


a Pair. 


Now we just add them Up... 
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systems of equations 


ss | Use elimination to remove a variable. 


imi eed a -8s 
Let's eliminate s, So We 


for the toP equation: Mui the 
entire toP equation by -*- \ 


6 «(Pd 4{sy= 6 «-8 a —16d — 8s =-— 48 


+ 


16d + 8s = 72 16d + 8s = 72 
Od + 0s = 242 








What the... Why 
the tough factors? 


Equations that aren’t true are INCORRECT. 


O times the number of dresses plus 0 times the number of pairs of 
shoes doesn’t equal 24. This doesn’t make a lot of sense, and it doesn’t 
explain why Zach is mad at Kathleen. So elimination isn’t working. 
Let’s try graphing the lines and see what’s going on. 
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sharpen your pen. 


liad your pencil 
N Rewrite the equations into a form that you can graph. Then plot the 


- solution lines on the Cartesian plane. Does their intercept tell you 
anything about Kathleen's story? 


16d + 8s = 72 





276 


Download at WoweBook.Com 


systems of equations 
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sharpen solution 


herp your pencil 
IN Solution Rewrite the equations into a form that you can graph. Then plot the 


solution lines on the Cartesian plane. Does their intercept tell you 
anything about Kathleen's story? 


vn mer A is the Y ie 
- ¢ we vant ¥ ge Ai 
; ar + ormat) 
7 Laws te isolate the d16d + 8s = 72 2Zd+s=6 
we 
sh 16d + bs = 72-4 f Wd + f= 6-s 
Ibd_ Th ere a 
“ee ob | We OS he 
= = | 4 = Alt. 
| - ih + a 7 st+3 a 
Slope —— “7 Plot the point (O77 ) Slope -_ Te Chart at (0,3) 
and go down | over 2 2 


You tould have worked with these 
equations any way You wanted - 
graph them, but the graph shou 

look the same. 2 









9.10 


There's no 
: atersection! 
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systems of equations 


When shopping leads to relationship ruin - solved! 
How did Zach know Kathleen was lying? 
Zach knew from his quick math that there is no solution to Kathleen’s equations, 
so she must be lying about something. P) 2 
ita oe Fifteen Minute 
The lines are parallel! That means that there isn’t any one 
point that will satisfy both equations. Parallel lines go on Mystery 
forever without crossing, so there’s no intersection. S 7 ed 
oly 


That means that what Kathleen said can’t be true because 
there’s no combination of shoes and dresses that will satisfy both 
equations. ‘That means she has an extra dress or something! 












Hmm - I noticed that 
those lines have the same slope 
but different intercepts... 


Parallel lines share a slope, but 
nothing else. 


That’s actually the key indicator that two lines are 
parallel. If you have two equations with the same 
slope, you don’t need to graph it. The lines are 

parallel, and there’s no solution. 





Well, except for one case... 
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different equation but the same line 


Sometimes two equations aren’t two lines 


You know a lot about equations at this point: you can graph them a bunch of different ways, and 
if you have a system of equations, you can solve them three different ways. Not only that, but if 
you have two equations with the same slope, there’s no answer, right? 


Not quite. 


You can have two equations that have the same slope, but they may look a little different. 
However, when you plot them, the lines look exactly the same: 









are two = 
Meyabins  , At + 6 = 30 sac Gls ae 
chart with”) 8 + 12y = 60 NN—r yi 
yi N45 
Just convert both ta = don't 4 4 ae 2 
? e e Same, 
Ee ‘i slope 8x + 12y = 60 il you ve duce Cane slope! 
12 3 


infinite number of solutions. 


Since both equations are the same line, 
‘that means that every point on the line 
‘satisfies both equations—there are an 


So, if you come across two lines with 
---the same slope, just check and sce if the 
intercepts are the same, too. If they are, it’s 


the same line, and if not, they’re parallel. 
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systems of equations 


Look at the following systems of equations and answer the questions 


Exercise 


2x + 3y = 100 
—0.54 — .75y =— 25 


What describes these two lines? (circle one) 


Intersecting Parallel The same line 


—3x — 3y =— 30 


What describes these two lines? (circle one) 


Intersecting Parallel The same line 


about them. Then solve them with whatever method you want.. 
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exercise solution 


Solve the following systems of equations using the method shown. 





-4(_0.5x - 0.15y) = -4(-25) 
OPS 00) sea ee ee Or VO aerane 


These are 
a al Be el DEFY 100 ae crete, 
What describes these two lines? (circle one) Rdiscaa chi mis in Suna Sa dae bee eas aucceeceys huctstas Mulan taatna dee arene gale 
Intersecting Parallel (The same Tine\, hae eeececeeeeeeeeeeeeeeeeeeeeceeeeeeeaeeeeeeaeeeeeeaaeeeeeaeeeeeeaees 
Why —Beeause these lines are the same a uueesssumsusueeseensnenn 
there ave an infinite number of solutions aa ccceceseaesessesesseresteseereseeresveresteresueseatereavereeneeees 
; 7 handle 
do this problem with The best way to 

ees z Sains too. Ne this is to aetually Like when you find a 

ee how you do that, you multiply both equations. ai denominator 

rey get the same answer: or tractions. 


—3x -— 3y =- 30. ———___ 





What describes these two lines? (circle one) ake Sale teh GLC Us ase els Gey arora Sa era atnis skal vi Paiva «woke peace cae 


Intersecting Parallel Thesameline £2 2 2 oo... AB PB heen Te eens 


Why Because there’s a point for the solution 


vie 
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systems of equations 


Systemcross 


Got a system for equations? Great. Now use your 
system for solving a crossword. Hint: it’s your brain! 








Across 
3. Always your work. 1. The solution to a system of equations is the 
5. Solving one equation in terms of one variable, then putting it of their graphs. 


into the other is the 2. Lines that have the same slope are ; 
7. Setting the system of equations up and adding them 4. For the elimination method to work, you have to 


Down 











together is called the ______ method. 6. The number of solutions to an equation that a line represents 
8. Always remember the of the problem. 
9. A group of equations that can be treated as the same 

problem. 


10. If you have two unknowns, you need equations. 
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systemcross solution 


KR Systemcross Solution 


a ~ 

Fea iol al a all 
Es 
fa 


A 
nm 
G 


A c | | 
Pe}uit IM) tN ArT ito Ne at 
Sustimortave qos 


Two 
a 
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systems of equations 


Tools for your Algebra Toolbox 


This chapter was about solving 


systems of equations with three 
methods. 













ae : sae ions that Can 
of equations is 4 group of enya ae ne 
ae d . e problem. The solution a R 
“ed wn Ame. 
eat of the equations at the same 
s 


77> 
A system all 


equations 





solution: (4, 1) 





zg BULLET POINTS 


= Always check your work. After you've eliminated and solved for 


= ~The toughest part of the elimination oe varaDe Just go ang inishitup suit 
method is figuring out which variable to Sues aOn: 
eliminate. = For 2 linear equations with 2 unknowns, 

= Always apply the same muttiplier to both you either have a single solution (intersect 
sides of the equals signs once), no solutions (don't intersect), or 


infinite solutions (same line). 
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8 expanding binomials & factoring 


—s ee 
Breaking up is hard to do 


So she said, “I totally hate 
the new 90210," and I said, 
“Forget it. You're totally square. 
And we're breaking up.” And that 
was it... we were over. 





Sometimes being square is enough to give you fits. 

So far, we’ve dealt with variables like x and y. But what happens when x is 
squared in your equations? It’s time to find out—and you already have the 
tools to solve these problems! Remember the distributive rule? In this chapter, 
you're going to learn how to use distribution and a special technique called 
FOIL, to solve a newkind of equation: binomials. Get read—it’s time to 


break down some really tough equations. 
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math or no math revisited 


Math or No Math semi-regional masters final 


Our champion, Kate, is back to defend her title against a new challenger, James. It’s 
up to you to be the judge again... but this time, the problems are even harder. 


Problem #1: Simplify this expression 





answer 


Here’s what they got: - James 


Who's right? 





Kate’s back 


to defend 
her title James is veady to a) 


take Kate down. 
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expanding binomials and factoring 
Who’s right? 


Below, Kate and James both showed 
their work. Kate did her work by 
multiplying the whole first expression 
by the second. James did his work by 
splitting up the first binomial. 





ns ession 
ia original a ds > This is distributing 
y 2x 


| to both ar 
(x + 3) (2x — 1) (pas S\Oped) stots 


Page _ x(2x-4)+3(2x-4) 
gen Uy? 4 Lae 2x*-x+6x-3 
PETERS 


How do we figure out who’s right? Well, if you know a solution, 
substitution will work. So you can try plugging the right x value into 
each of their equations and see if the math works out. If the values don’t 
come out right, then one of the simplifications that Kate and James 
ended up with isn’t correct. 


harpen your pencil 


N The producers told you the correct value for x- is 3 and the equation is equal 
to zero. Substitute -3 in the different equations for x, and see who's right. 
Show your work, and don't forget to circle the correct expression, too. 
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sharpen solution 


G harpen your pencil 


N Solution The producers told you the correct value for x- is 3 and the equation is equal 
to zero. Substitute -3 in the different equations for x, and see who's right. 


Show your work, and don't forget to circle the correct expression, too. 


4x2 + 5x — 3 











2(-3)> + S(_2)'= 3 


The equation 
stalaee tna stata tag aue a eee canes Piet wonel OS ass cared 
TR, to equal zero, 
so this one is 
What Nites aac nt ane ag a acepad aaine a Ueda ce Rect ie Gates Waa asin sen ce ce 





Okay, but how did James actually come up 
with his answer? I mean, that's great that the... 
ahem... producers had the right answer... but 

we don't usually have people giving us answers, 
right? So what's really going on? 


Those expresions are binomials. 


To understand what James did, you need 
to know how to handle exponents in 
equations. That means learning about 
binomials and polynomials. 
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expanding binomials and factoring 


Binomials are groups of two algebraic terms 


Kate and James are working with binomials on this round of Math or No Math. 
A binomial is an expression that contains two algebraic terms. Binomials 

are actually part of a larger family: polynomials. Poly just means many, so a 
polynomial is any expression with multiple terms. 


So anytime you see an expression with more than one term, think polynomial. 
And if there are just two terms, think binomial. Look: 


terms ave held 


One or both of memboer pene 
erms Can be phe aoe with maltiplication | 
i Ns 9 A Le is attually jst one 
wl 
There can e ee x _ 


variables a" y 


Ox — 3x 


x a D ie \ A Setond term 
m 


All binomials 


The { ¢ m b 
Even though these are dj Serer her ie e 
numbers, they're also terms o 
“ 2 2 X — Y« 


xX — 5 ~~ Not a binomial/ 


hree 


rms = trinomig I 


Sum it up 


Polynomial — an expression containing any number of 
algebraic terms with whole number exponents of at least O. 


Binomial — is a special case of a polynomial that is a 





Qroup of two algebraic terms. 
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the distributive property and binomials 


The distributive property, revisited 


Look back at the problem Kate and James were given in the contest. You (x ate 3) (2x = 1) 
can’t simplify the algebraic terms within the parentheses. So how about just 

doing the multiplication? Since the expression can’t be simplified, we’re going 

to have to do multiplication with multiple terms—we’re going to have to 

distribute. Both terms in the first binomial need to be distributed 

over both terms of the second binomial. 


eS ee 
CS and 3 Limes - 
and -l, also: 
Distribute ALL of your first binomial... 


The distributive property is all about multiplying groups together. Here’s 
what that looks like: 


The distributi 2 
oo a(b a c) =ab+ aC —_ te net Lhis 


The List | can be multiplied by both 
terms of the binomial 


That’s great if you only have one number multiplied over a binomial. But 
we’re dealing with is a binomial multiplied over a binomial. So we've first 
got to distribute both terms of the first binomial over the entire second 
binomial. 


Multiplying two binomials means you 
have to distribute both terms from 
the first binomial over both terms of 


the second binomial. 
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expanding binomials and factoring 


Simplify binomials with the distributive property 


So now we just need to actually distribute our entire binomial. Before digging into Kate 
and James’ problem, let’s take a look at how we’d do this distribution in general: 


Typical binomials: 
K plus a tonstan 


+. 
> (4 4 Dot b) 


: ae 
Split up the First binomial ' = = 
and distribute ite NN x(x if b) in ne “i b) 
And then multip} 


evi A 
“Ything out "> x2 4+ bx + ax + ab 


Now we can simplify a little bit more. We have two x terms, bx and ax. Since a and 
b are constants, bx and ax are actually like terms. We can combine those: 


: These are the tw dants 
stants, like 2. spel dtabeads, 
; ‘ “he co be added a multiplied together. This usually is 
or 18. They {— another number, like 35 or 90. 
2 
ee i a to simplify the 
This is combining, like terms, 
equation even further. 







Use the distributive property and simplify the Math or No Math challenge. 


harpen your pencil 
Qn 
(x + 3)(2x — 1) 
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sharpen so! 
harpen your pencil 
Dx Solution 






ining, like terms 








Hear no 


pum 


Q: The distributive property says we have to spread out 
both terms? 


A: Yes. The distributive property says that you have to distribute 
the first binomial over the entire second binomial. That means both 
terms of the first binomial need to be multiplied by both terms of 
the second. 


Q: Expanding binomials seems complicated. Is there an 
easier way? 


A: There are some tools you can use, but you've still got to 
know that multipying binomials is really about distribution. It’s not 
that bad as long as you take the first terms and multiply them over 
the second binomial. 


Use the distributive property and simplify the Math or No Math challenge. 


(x +3) (2x — 1) 


x(2x = 1) + 3(2x = 1) 


2 <x Multi 
2x” — x t bx -3 ~— tack i like Lerms. 






Z~ Split the first binomial, 
so we Can distribute it... 


hy things outs and 


Questions 


Q: So this works the same for numbers and variables? 


A: It sure does. Of course, in cases where you've got all 
numbers, you can just work inside the parentheses first and avoid 
all this distribution. But you’ve noticed something important: any 
rule that applies to variables also applies to numbers. 


Q: How often do you really have to multiply binomials? 


A: Actually, you’re most likely to use this the other way around. 
Weill talk about it in the next section, but when you have certain 
types of equations, you'll have to go from that equation to a couple 
of binomials. Sound confusing? Don’t worry, we're going to spend 
a lot more time on that next. 





am POINTS 


= ~=Multiplying two binomials is a ) 
common Algebra problem. 
property. 


To multiply two binomials, you ) 
need to apply the distributive 


Each term of the first binomial 
needs to be multiplied by each 
term of the second binomial. 
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expanding binomials and factoring 


G harpen your pencil 
IN Simplify the following binomial expressions. Make sure to 
combine like terms! 





(4 + x)(3 —x) 


Wateh the signs! 


(—x — 3)(x +3) 
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sharpen solution 


Gqsharpen your pencil 


a Solution Your job was to simplify the following binomial expressions. You 
should have combined like terms, too. 





It will work You could also rewrite the 


wt ) too! binomials and multipl = 
oe ey eras. (+ x)(3—x) 


AB — x) + x(3 — x) 


Wateh the signs! 


Vee WGcb He BG as) 


Just carry through the 
sign for each operation- 
a —x(x + 3) - 3lx + 3) 
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expanding binomials and factoring 


Vv i 


Kate vames 


i Math of No Math: 





Problem #Z: Simplify this expression - fast! 


(x + 2)(x — 2) 


Here’s what the contestants got: James’ 


answer 


a 


1S 1S binomial. 
. et alae (x+2)(x- 
es 
oe x(x-2)+2(x-2 


K2- 9X 9X+2(-2 


x2- 


SS 


es 


Who's fastest? 
And who's right? 


Kate’s up to her 
old tricks, eranking 
through the speed 
round. But how? 


297 


Download at WoweBook.Com 





look for square patierns 










Kate cheated, didn't she? She 
didn't even show her work! 






Kate looked for patterns instead of 
working the problem out. 


Have you ever noticed little patterns in a friend’s 
phone number or how a football team runs their 
offense? A pattern lets you figure out what’s going on 
based on some key things you recognize... and you 
don’t have to work anything out. 


Math is like that sometimes, too. There are patterns 
that let you avoid lots of extra work. 


The SQUARE pattern 


If you have two binomials that only differ in the sign of the second term, you’re 
dealing with a square pattern. In the problem that Kate and James just worked 
on, the first term of both binomials was x and the second term was 2 and -2. 





. nm The setond ‘ 
The Kivst we * both seein Sa 
both binomials — 4 a 


We ean work this out (x i 2)(x p2) The minus sign tarried through 
the normal way to see x(x = 2) + 2(x = 2) to the final solution. 


what the answer is: 
X2—JxX+ 2x4 2(-2) 


This is the fiat t . ve th 
satoee ie tem, 4X2 H Tas 


Levm square” 


e second 


What you've got here is the difference of two squares. You square the 
Just term and subtract from it the square of the second term. Everything 
else gets canceled out and goes away. 


So anytime you see two binomials that are exactly the same, except for 
the szgn before one of the constants, then the solution is the difference of 
the squares of the two terms. You can just skip the middle steps and jump 7},;. is what Kot 
ate saw 


right to the answer! when she shed G 
e 


. ; last Problem. 
(x + a)\(x-—a)=x -a 


One of these signs must, be positive, 


has a 
the other must be negative. us 


The answer alwa 
negative sign heve 
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expanding binomials and factoring 


What about when the signs are the SAME? 


But what about when you've got two terms that are the same in both binomials, 
and the signs before the constants are the same? Let’s work one out: 


The first term aa a The second term in 
both binomials is x (x + 5) (x + 5) both binomials is 5. 


x(x+5)+5(@4+5) 


x? + Ox + Ox + 25 
This is This is the setond 
first ne — x24 10x + 25 era oraesared 


S9ug 
Yared, This is 2 times the second term. 


Another way to think about this is the square of a binomial. So this is 


really just a binomial multiplied by itself 

yj plied by rye is with the 
same SIQNS~ 
2 


. . And this is wit: 
Binomial squared: (x + a) =x?2+ 2aXx + a? “A opposite signs. 


Binomials with different signs: (x + a)(x — a) =x° — ae 
is the 


The see £ two squares: 


gitference ° 


chp your pencil 
IN Below are some binomial problems that you can test out the 


squares patterns on. No showing your work here... just look for 
the right pattern, and write down your answer. Good luck! 





(x + 3) @ — 3) («+ 9)@+ 9) 


Ok, this one’s a little 


trick . The Si ns SS 
the as hil tick, (x = 7)’ 
is negative this time. 

Saas Seethe eek eee ots ates ata wad et tanta omhers What does that do pepe rest eet atcha tee reese atest eS ts 
he solution? 
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sharpen solution 


hry your pencil 
IN Solution Your job was to solve the binomial multiplications below, without 


working through each problem step-by-step. How did you do? 





(x + 3) @ — 3) («+ 9) +9) 
ahaeee 4 Se re, ere , 
sone ave quare the tirst term, 
st eeu are the last fives a ‘add 2 
GeO aeok times the first times the last 
as the gitkeren term in the middle. ara 


(2x _ 10) (2x aa squares: (x — 7) Ma 
4x” _ 100 x — 14x + 49 


isn [ . till square * 
his isn't as hard as it seems You s | 

be 7 but the difference is in the middle term. 
You multiply 2 by x by the second term, which is 
negative ]. So You get negative l4x. 


aha no, 
Dumb Questions 
Q: Those patterns are great. Will they always work? Q: What if the binomials are close but don’t exactly 


match one of those square patterns? 


A: As long as the binomials match one of the patterns, then 

you bet! Just make sure you watch your signs and coefficients. A: Then you're going to have to use distribution to figure out 
what the simplified equation really is. Multiply the terms through, 
collect your like terms, and then you have the answer. But these 
patterns only work if there’s an exact match. 


Binomial squared: (x +a) =x2+ 2ax +a? 
Binomials with different signs) (x + a)\(x —a) =x -@ 
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expanding binomials and factoring 


Sometimes there’s just not a pattern... 


Suppose you're on a fast-paced, high-dollar game show, forced 
to simplify binomials at a moment’s notice. When the square 
patterns aren’t working, you’ve got to have another way to 
simplify binomials. 


But distribution isn’t that fast. Thankfully, there’s another sort 
of pattern you can follow, called FOIL. That stands for First, 
Outside, Inside, Last. Here, let’s take a closer look: 


Let's suppose that 4 and b aren't the sa 
me, 


Simplify this: SO our square patterns won't work 


(x +a)(x +) 
Multiply x and x together. iy 








F]) First: 


(x+a)(x+b) o-=—_— 


Multiply together the first 7 » 
terms of both binomials. Ist term Ist term 
Multiply x and b together. 
‘o) Outside: r- 
. a(xta)(x+ 5) —> 
Multiply together the outside outade term we Beale} etic 


terms of both binomials. 


Multiply a and * together. 


Qe Inside: 


(e+ aed) —— 
Multiply together the inside oe ¢ i 


terms of both binomials. inside term inside Lev 


Multiply a and b together. 
Ts) Last: aia gee 
Multiply together the last (x uy a) in : De, 


two terms of both binomials. ae keer . last term 


ie acme 


Then just add it all upi x? + bx + ax + ab 
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first outside inside last 


FOIL ALWAYS works 


Let’s use FOIL with some real binomials... 


into one of our square patterns: 


Cc «S 


Fivst (x 
a Hees + (1x) + a 3) 


Outer 


+1) (x — es es Last 


Ea ox — er Inner 


Some easy £ lke ZZ 


combining oO 


+ the end 


terms 3 


Solved using FOIL 


FOIL saves you an extra step, but it also makes the steps 
you do have to do a lot easier. You don’t have to think 
about distribution as much, and you’re usually left with an 
easy combining of like terms at the end. 


And, best of all, FOIL always works, even if there’s not a 
pattern to use! 


302 


Qe POINTS 


ones that don’t fit 


(x + 1) (x - 3) 
Distribution 
x(x — 3) + 1(x - 3) i a op 
x2—3x+1x-3 multiplieatine 
'Quriy, ng, and 
—2x-3 


Solved using distribution without FOIL 





Multiplying two binomials is a special 
case of distribution. 


FOIL stands for First, Outside, 
Inside, and Last. 


FOIL lets you apply distribution 
without lots of... well... distribution. 


= FOILis just a tool to help you apply 


= Patterns like the squares patterns 


the distributive property easily and 
consistently. 


can help you solve a problem really 
quickly, but FOIL will always work. 








Chapter 8 


Download at WoweBook.Com 


expanding binomials and factoring 


Binomial Multiplication Magnets 


Here are some problems from previous Math or No Math competitions. 
See how you would have stacked up by filling in the missing pieces. 





(x —3)(x 44) (y — 10)(y +2) 
OE eae Pi OUOY orcs 
iRiedulisate noaedities os 
ee Use FOIL here te solve — 
Lnese jpst two steRS: 
al t) (c — 5)(c — 2) 
eee 
| 2 Z a 
c* Cava foh-4s 316-30 fo eal one: a egies eS werk seers» 
[x4 g)+(x+ 3] (3 +. x)(7 — x) 
8 8 ee 
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binomial multiplication magnets solution 


Binomial Multiplication Magnets Solution 


Here are some problems from previous Math or No Math competitions. 
See how you would have stacked up by filling in the missing pieces. 





(x — 3)(x + 4) (y — 10)(y + 2) 
, ‘Cr 12 ye[+2y 10y [20] 
cacti \N Yar a0 } 


| )ir43) (c — 5)(c — 2) 


c? [2c 32 +.[10 | 
al «ae 


[r+ 4) +(x+ 4] (3 +x)(7 —x) 


ey o i yea 
ee) 
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eeecececcecsccecccceeseocesceseseoeceeenee expanding binomials and factoring 


7 | 
5 i 


Kate James 


We’re more than halfway through the 
Math or No Math competition, and 
here’s where the contestants stand: 


e 
e 
e 





Kate needed some help keeping her terms straight James used the distributive property, but not FOIL. Still, 
in round 1: he got the right answer and took the points in round 1: 


Kate did this (x a 3) (2x - 1) 
FOIL wos ert} 3 lon—a von ean sr 
usind, . 





track of hey 2 = 
distribution an 2x ase, He’s still right 
4x? 45x 5 Prevented h ‘ beea he 
- evented her use he 
mistake. 2x * + tee, manipulated the 


equation Properly. 


But Kate totally nailed the next round by using Although he got the right answer, James got crushed 
the squares pattern. in the speed round. 
(x + 2)(¢— 2) (x + 2)(x — 2) 
. x(x-2)+2(x- James got the 
x24 Kale etericed (KAD) #22) ee 
: 
and used i ag 3 yA 7 2(-2) es toe sen Ne 
difference of 2-4 speed round. 
two sqares. 


The contestants are tied Up... On to the next round. 
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speed maiters 


Problem #3: Another speed round... 




















Wow... this is 
looking Proble 


the nastiest 
m yet. 











Yate wants c eft 
vid of the ener 11 
ix +H, _ 38 i Lx + pr — Bx 
eer arn Sixt = eye 1-3) a oa ee 
eo ae es So yene VS ane \t 3) 
combine like terms S) 4 S) 4 ee 5 4 =4 
in this step. OSD Ne Pe ND 4 | happened ene 
Ae Ag AD AD AD AD aa 4 
ese terms 
AA a8 
77 _ } canceled AB ee 
multipied “ agre Ty = Toe of A=, AA 
ponte iy 2. to ve ue i coer 
get vid fractions. 7} =F All that’s eee oes ao 
7? Ff reduce the Fraction. “ 
? w 
x ee =, Ss, 
7A NN 
Time: 1 minute 35 s Time: 35 § 
Same answer, but James blew Kate 
away. How do you think he did that? ooo cc ccccccccccssssssssmvesssssssesmmvssssssssssensesssasseseeuesssssseeeeneeee 
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expanding binomials and factoring 


Un-distribution is called FACTORING 


So far, we’ve talked a lot about distribution. That’s when you 





take a number or term and multiply it over a group of terms. But : 
James did just the opposite of that... he wn-distributed, which is A factor 1S 
called factoring in ecbralaus Let’s take a closer look. Here’s a term th: at’s 
what James started with: 
| multiplied over 
rete orignal = Le ¢ Ay _ 38, P 
Heres ; 3 4 
expression 12 SONE rene eee: =a an ENTIRE 
43-7 ee 
34 expression. 


James actually saw this another way, though... he saw that everything 
on the top part of the fraction could be represented as being 





multiplied by 11. So here’s how the same expression looks, with that This was the triek 
Y one... but 

11 shown explicitly: James realized that 33 4 is 

“ really the same as || 3/4. 

an II 
lanes ta i ee ae F petted i a 
ou € ‘Ve this. — 
ion look like ‘3 1 1 ay 

the expression ord 1+ a0 5 4 : othing’s changed here... this is 


he same equation as before. 


When you’ve got a number or term that everything else is multiplied by, 
that number or term is called a factor. So 1 1—and x, for that matter— 
is a factor of the top part of this equation: or 


IIx is 3 factor... So we ¢g 
n 


un distribute this fatto 1e(1 tn a 3 boa enpation 
write is Separately, like —s 7 3 3 4 - 1 
(1+3-q ) 


But look... with that 11x pulled out, the remaining terms on the top 





match the fraction’s denominator exactly. So we can cancel all that out! 


3 
1ix( 44 a 3) These two are the same 


=| quantity, So they cancel out. 
(l+3- 
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factoring explained 


Factoring is un-mulitplying 


Pulling out common factors from a term or group 1s called factoring. (Clever, isn’t 
it?) Once you’ve pulled out a common factor, you can work with the group or the 
factor, doing things like canceling terms (which is what James did). 


Factoring is, basically, the opposite of multiplying. And when you’re working with a 
group of terms, factoring is the opposite of distributing. Remember, the distributive 
property is all about multiplying groups together: 


The distributive 
hecsiiaed a(b+c)=abt+ac <- 


-—Y~ fs 
1s 1 the ) That term is multipled by . : ge is 
This is a. see 


Common term. 


So the opposite of this is to take the solution, and pull out the common factor: 


ab+ac=a(b+c) 
a —~+y 


Qj 
boty (eter in so we Can turn that 
: ante a Common at 


multiplied over 3 gr ouP- 


rms... 


By taking advantage of the distributive property in reverse, you can pull out 
common terms. By manipulating the terms this way, you can set up an equation 
that is usually easier to work with. Sometimes you can cancel out a common 
factor, or even an entire group. 


@ Factoring is the inverse of the distributive property. Th di . . 
lo e distributive 


ea 
e@ Factoring is pulling numbers and terms apart property mo 


by finding terms that multiply together to make that you need to 
another term or expression. : ; 
evenly distribute a 
factor over all the 
terms of a group. 
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expanding binomials and factoring 


Factor by looking for common terms 


Factoring isn’t a nice process like FOIL... it’s more like looking for patterns. 
But these aren’t patterns that are as easy as the square patterns. Instead, 
you've got to try and “see” common factors in an expression. Sound tricky? It 
is a bit, but you'll get better with practice. 


Here are some ways to get started when you're solving an equation and you 
think factoring might help: 


ry Look at your equation. If there are quite a few terms, look for numbers 
that repeat, or multiples of numbers that keep showing up. 





é mn numbers: 
1lx + x = 33 Start out by mri’ ned a but 
— Here, ou ve got ty tt atk ll. 
l+3-4 T5 ec # Il, so that’s ancther 


2 If You're rusty on 
Next, figure out the greatest common factor (GCF) of the terms the 4CF, jump to the 
you're interested in. This is probably one of the numbers that kept 9PPendix and brush, . 
showing up in the first step. P 


This is the Rar 





4 find the CF of IIx, ll» 
7 and 3 4. % 
1+ a 2 


Ba Pull out the GCF and write it down, and then write in a set of 
parentheses. Inside the parentheses, write the new terms that are 
left after the GCF is pulled out. These are your original terms, each 
divided by the GCF you just pulled out. 


The Common factor foy 


all of those terms is Ilx, What’s lef insi i 
so pull that out. \ ia nside is th 


€ original 


terms divided by the 6CF. 


1 3 
t(l+3— 4) 





ee: 
bee 
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Factoring Exposed 


This week’s interview: 
Can factoring really help? 


Head First: Welcome, Factoring. Good to have you! 


Factoring: Thanks! I’m really looking forward to 
explaining more about who I really am. 


Head First: There does seem to be some confusion. 
What exactly are you? 


Factoring: Any time a term, set of terms, or 
equation has a factor removed from it, ’m the one 
doing with work. 


Head First: That seems pretty general; can you be 
more specific? 


Factoring: Not really, I’m just flexible that way. ’m 
a general term, that’s all. 


Head First: Well then, what would you say your 
strengths are? How can you help? 


Factoring: Well, when you use me to get your 
variable away from all of its coefficients, equations 
seem to get a lot easier to solve. 


Head First: Ok, that makes sense. So it’s sort of like 
high-speed variable isolation, right? 


Factoring: Exactly! One easy step and you’ve 
got your variable alone. Then you can solve your 
equation. Who doesn’t love that? 





Head First: It does sound like you’re pretty 
powerful. 


Factoring: Well, yeah! I don’t like to flex my 
muscles too much, but I do have some mad skills. 


Head First: Do you work with any other 
properties? 


Factoring: I’m the way you can undo a distribution 
or multiplication, since I identify factors and remove 
them from a group you're working with. 


Head First: Hmm, interesting. 


Factoring: And, although I don’t work directly with 
them, the associative and commutative properties 
need to be involved most of the time, too. 


Head First: Anything else you want to add? 


Factoring: Don’t forget implied numbers! If a 
variable is written alone, there’s a one if you factor 
away the variable. People forget that all the time! 


Head First: Thanks for your time... this was great. 


Factoring: Thank you for letting me clear the air. I 
feel so separated from the group most of the time. 
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expanding binomials factoring 


G harpen your pencil 
IN Use factoring to solve these Math or No Math bonus problems. 
Once you've factored, go ahead and solve these completely. 





re) ae a 
(007° 
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sharpen solution 


herp your pencil 
IN Solution Your job was to factor and then solve all of the equations. 


Here we onl 


Bi OX factored a half Ay — 3y 
S4+=6 rain oy —-3 => 
2 ? but you éould’ve ye y 


factored out | /2. 
Ce ere (4-3) 
7 &t+ 3x = You manted: 











8x + 24x — lox _ 94 





to do tv 
you end v¥ 100 


value Lor the unknown you 


got it right! (os 


igo) (@x + 2x — Ibx) = 24 (100) 


@x + 24% - lbx = 2400 
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expanding binomials and factoring 


The final round: Kate can pull even 
and force a tie, or J] ames can ride off 
$ : with the grand prize. 
: Math or No Math: 


e e 
SeCCFCCHCSCELCECHE EEOC HE HOLE L OL OLEOEEEE 


e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 


@eeoeeeeceseseoceseoe 





Bring it on! 





Problem #4: Solve this... 





James split up the equation and set 


both €xPressions equal to zero. 


gnded 
(x — 3)(x+7)=0 ON (x - 3)(x +7) = 0 ) 
x24 9K = 3x-24= 07 x¥-3=0 and / or X+7=0 
Kee 2 0 X-3+3=O0+3 x*+7-7=0-7 
Kate dee hon wey and/or 24 
wha to do next! ? > 
| ° 


ERAN 

PQweee 
Why did James get two answers? Which of his 

answers is correct? Is either answer correct? 
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any number times zero is zero 


Zero times anything is 0 


Kate was working her problem out the normal way, but James 
noticed something... his two terms multiplied out to zero. Suppose 
the first grouping is a, and the second grouping is b: 


—z, 
Both a and b can be quantities 
Lt: a-b=0 numbers, variables, 
R__- 


whatever. 


Then: a=(Q andlor b= 


There's no way ae Lae 
can mu aply 
Now, if a is (x-3) and b is (x+7), we just have to solve for x so that ee 
either (x-3) is 0, or (x+7) is 0. 9 


If either of those groupings is zero, then it will cause the entire 
equation to go to zero. That’s called the Zero Product Rule: any 
number or term multipled by zero 1s always zero. 


Let’s zero these things ovt... 


(x-—3)(x+7)= 


0 
ee ee 
d either a or b to be a : b _0 
aie make this work out, A 
iN 
5 cova be x—-3=0 and/or x+7=0 b could be 


x—-343=083 x4+7-7 =0-1 
x=3 and x=-7 


4e 
WS ta Both of these solutions 


a work because both 
make the enti, i 
a ie iE ~ expression 


If either a o7 b is zero, then the entire equation goes to zero. So 
if x 1s 3 or -7, the equation works out. James was right; there are 
actually éwo right answers for this problem. 
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Q: Does a common factor have to 
appear in all the terms in an equation? 


A: You can factor any or all terms of the 
equation. But when you pull out the factor, 
it’s only multiplied by the terms you pulled 
that factor out of. 


In Algebra, all of the terms on one side of 


the equals sign are typically factored at once. 


But in more complicated math, you may 
have several factors in a single equation. 


Q: What if | choose a right factor, but 
it doesn’t help me solve my problem? 


A: As long as you follow the rules and 
factor correctly, you can always go back 

to your original equation. Just like inverse 
operations and distributing, all of these tools 
can be tried out and undone if they don’t 
help. 


or POINTS 


= Factoring is a tool to ) 
help manipulate the 


equation. 





= Any time you pull out a 
common number or 
term, you're factoring 


there are no a 
Dumb Questions 


Q: How come James got to work on 
only part of his equation at a time? 


A: That's thanks to the Zero Product Rule. 


Since only one part of the equation has to be 
zero, both of those pieces can be set equal 
to zero and then solved independently. By 
applying the ZPR, you can work with two 
equations separately, and both solutions will 
work. 


Q: How can we have two solutions for 
a single equation? 


A: Good question, and we'll talk about 
that a lot more in the next chapter. For now, 
you just need to know that if you substitute 
each value you found for x back into the 
equation, and you get the right solution, 
you're good to go. 


expanding binomials and factoring 


Q: How can I tell when to factor? 


A: Well, it depends. Usually you can get 
at the solution for a problem several different 
ways, factoring being just one of them. 


If you try factoring something and it doesn’t 
get you anywhere, don’t worry; just try 
something else! 


Q: What about equations in terms of 
multiple variables? What if we have x, y, 
z, and w? 


A: They can be factored the same way. 

If the GCF has multiple variables, you can 
factor them all out. Another strategy with an 
equation of multiple variables is to factor out 
just one of the variables, if you can. And, of 
course, the Zero Product Rule is always a 
great option. 





The Zero Product * 
Rule means that 

if terms multiplied 

together equal zero, 

then one or all of those 
terms must be zero. 


Factoring to get an 
equation in the form 

of two terms multiplied 
together to equal zero 
means that you can 
use the ZPR to solve. 
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kate Jost! COCO CCOCCEE EEOC OEE OCE OE OOOO OLOECE®S 
x | P 4 

| Pe | 

Kate James 


i Math or No Math 










Sorry, Kate, but the Zero Product 
Rule put me over the top. 


To recap the rulings: 





© James and Kate expanded binomials 
James was careful with distribution, but Kate wasn’t, so 
she got her first problem wrong. Then, they both learned 
FOIL. Next time they’ll both be faster and more reliable. 


© Kate's squared pattern skills rocked 
Kate knew the difference of two squares right off the 
top of her head and didn’t need to do any work. 


© James’ factoring frenzy blew Kate away 
James knew that factoring to make a manipulation 
easier worked great... and he proved it. 


@ The Zero Product Rule works. 
James finished up with applying the ZPR to solve a 
tough equation. Since Kate didn’t know about the 
ZPR, she was out of luck. 
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expanding binomials and factoring 


Pos] Puzzle 


Your job is to take terms from the pool 
and place them into the blank lines 
in the expressions. You may not 
use the same term more than once, 
and you won't need to use all the 
terms. Your goal is to complete 
the solutions for each problem. 





6d + 4d-18=d 


6d + 4d — Wt* =d+" —12a — 3ab + 9Yab = 0 
6d + 4d-* =d+ 18/4 ( = 0 


punatiatieaantee ee —() and/or +12 _qg+i2 


Note: each term from 
the pool can only be 
used once! 












2 
-12 + 6b d(6 +4 -1) 
-12 -3b+9b 6b 





-12 + 6b 
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pool puzzle solution 


Pos] Puzzle Solution 


Your job is to take terms from the pool 
and place them into the blank lines 
in the expressions. You may not 
use the same term more than once, 
and you won't need to use all the 
terms. Your goal is to complete 
the solutions for each problem. 






SG 


6d + 4d-18=d 


6d + 4d — Y8+% =d +! —12a — 3ab + Yab = 0 
6d + 4d-4 = d+ 18-4 a_.(-12-3b+9b ) = 


_6d+4d-d =18 2 ( 42+6b ) = 
ie a6 44-1) =18 2 £0 and/or-12+6b +2 ot 
d(9) = 18 | 6b —19 
: aac on L 


318 Chapter 8 


Download at WoweBook.Com 





Binomial cross 


First, use the inside of your brain to get at the clues that are outside 


expanding binomials and factoring 


your immediate recall to burn them into memory at last... 


Across 


4. A special case of polynomials made up of two terms 
6. First, outside, inside, last 


7.A quadratic equation will have solutions. 
8. Values held together by multiplication 
9. When you factor, look for the (abbr.) 





10. Square the first term, twice the second, square the second 
11. To help simplify solving quadratics, manipulate them to be 
equal to 





ay 


ae taal 
fe a]eslh shes ali Hg 


il 


Down 


1. The product of two binomials that only differ by sign is the 
difference of two 

2. When the equation equals zero and is a product of terms, 
one or more must be 


3. FOIL really works because of the property. 
5. The distributive property describes how to multiply 
6. Un-cistributing 
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binomialcross solution 


KB Binomialcross Solution 


vw 
os : Se «De 


Z| E | RO | 
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Tools for your Algebra Toolbox 


This chapter was about expanding 
binomials and basic factoring. 





FOIL 


To multiply these two binomials: 


(F) First: 


(x + a)(x +b) 


(x + a)(x + b) 


ri 
Multiply together the first = ck term Nstvbeve: 
terms of both binomials. 
© 0 tside: outside terme outside term 
lu’ 
Multiply together the outside \ + a)(x b) 
terms of both binomials. ee 
e Inside: 
Multiply together the inside (x + a)(x+ b) 
terms of both binomials. inside Lerm 


@ Last: 


Multiply together the last 
Lwo terms of both binomials. pe 1 


(x + a)(x + b) 


x2 + bx + ax + ab 


. Binomial squared: (x +a) =x24 2ax +a? 


Binomials with 


different Signs: OPO 0) ea Tage 


ey 


The Zero Product Rule 
ff asb=0 


Ther G=Q ad/or F=0 
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expanding binomials and factoring 


&g> BULLET POINTS — 


= ~=Multiplying two binomials is a 
special case of distribution. 


= FOILis just an acronym to 
help you apply the distributive 
property correctly. 


= Patterns like the squares 
patterns can help you solve 
a problem really quickly, but 
FOIL will always work. 


= Factoring is a tool to help 
manipulate the equation. 


= Any time you pull out a 
common factor, it’s factoring. 


= §=The Zero Product Rule 
means that if terms multiplied 
together equal zero, then one 
or all of those terms must be 
zero. 


= Factoring to get an equation 
in the form of two terms 
multiplied together to equal 
zero means that you can use 
the ZPR to solve. 
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9 quadratic equations 


* x 
Getting out of line * 


This is stupid. I'm just 

supposed to wait in this line 

all day? Look, it even curves 
around the block! 





Not everything in life is linear. But just because an equation 
doesn’t graph as a straight line, doesn’t mean it’s unimportant. In fact, some 
of the most important unknowns you'll have to work with in life end up being 
non-linear. Sometimes you’ve got to deal with terms that have exponents 
greater than 1. In fact, some equations with squared terms graph as curves! 


How’s that work? Well, there’s only one way to find out... 


this is a new chapter 323 
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head first u and water balloons 


Head First VU is at war! 


HFU has a tradition of frat wars 
during pledge week. 

The pledges have to nail the opposing fraternity’s 
president with water balloons. Jon’s a pledge and 
has to hit the president at least three times during 
pledge week, or he’s got no hope of getting into 
Theta Theta Pi. 


And, guess who he’s asked for a little help... you! 








Von's th 
e pl 
Plain at ¢dge 
eta Theta Pio eee ere n nn 
wo os Pi Gamma 
oy y \ta’s ouse 
Theta Theta / \ Pe 
i's house a ‘, 
ay 4 
2 | 
Sy 
er . here the water 
W alloon should land 
x (distance from the Ad au ) 
front of the catapult) oom i sien Deltas 
2 feet 2 feet ans 


Traditionally, the water balloons have been 
launched by hand, or maybe with a slingshot. J on 
is out to make Theta Theta Pi history, though... 
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quadratic equations 


Jon’s upgrading his technology 


Pen i here Jon 
Jon’s bringing in a catapult. With a catapult, he can be This is peo a site 
more accurate and hit Pi Gamma Delta’s president even aaa ie t sek catapult in 
harder, and that means he’ll get into the frat for sure! lists the range 


terms of an equation 
The catapult comes with a range equation in 


terms of height and distance. If you know how 
high you want a balloon to go, you can figure out 
where to place the catapult so it plummets right 


down on the Pi Gamma Delta president’s head. S = SIEG ES re R- U S 
Catapult 


Wooden catapult 


Up to 5b capacity “e teight 
fo} 


SS 
Range based on: yy. 


—x2+10*+75=h 














Only trouble is, J] on doesn’t know 
Algebra... that’s where you come in. 





Here's the range equation. 


* = distane, 
Shoot balloon e 


S) BRAIN 

or BARBELL 
For the first shot, the Pi Gamma Delta president is sitting on the lawn, so the 
height is zero, h = 0. Figure out x so Jon can place the catapult in the right spot. 


We'll get you started... 
iseeatenbs es O when the president 
To make this (oe 2 +.10¥ +.75. = Mh... is.on the. ground: 


coe aire A; “waltiply Beare tle ewe ela ad Ue re ae ra Rie OS Lae Ee ae MS OTN TG, AN is ea atid ae. ea Fe oa Oa Wee 3s Sea ea be PET G48 TNs. oe a Ee eee ewe aad 
both sides by I x2 + 10K + 75 = cc cccccceecessssssseuistssessssuvusssisssieeise 
eieeite sees = oN Oe ee a LY and) oe LN ( () an eee 


Now, what’s x? Substitute in a couple of values, 
and see what You Come up with. 
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quadratic equation overview 


BRAIN 
Ni wd BARBELL SOLUTION 


For the first shot, the Pi Gamma Delta president is sitting on the lawn, so 
h = 0. Figure out x so they can place the catapult in the right spot. 


To make this easier to—x?2 + 10x t+ 75 =A bry ee 0. BLO NOON Te OS 2c 

Ue (0 = Os cts acncer avsse opcentenonsanrenain let 4 ese 

ma ee ee (0 nara) re Fe) On 

Peer: PP NOR 0 a ee en cops OY Ocoee NO IO Ow 
-6 £0 


Now, what's x? Try a couple et ok A Sane | AT RP OS RT ER 
substitution and see what You Come uP with. 


try x = 10 lo’ - lo(lo) - 15 = 0 2 You may have picked different values. That's 
PI SISTA TBuk E'S pretty obvious that “trial ‘and eatin 
side atuti oan feds seacd sanded teas cubtaes Auta te <18$0 ever isn’t. the way 40. go: There must be a 


Introducing a new type of equation: quadratic 


ions 
A quadratic equation is any /olynomial equation that has a degree of We saw with linear eayation 


ith is a 
two; that just means that the largest exponent for any variable is two. The like 3 = Ay-21 Gains - 
ee of one) that there 


degree of the equation also dictates how many solutions there can be, and dey vie 
wigdle- 


since a quadratic equation has a degree of two, these equations can have <— ove solution per V9 


up to two solutions. 
p We actually saw several 


So Jon’s equation needs to be manipulated to solve for x twice. The Zero Bee quadraties last chapter... we 
Product Rule (ZPR) can also help. If we can manipulate the quadratic were turning them into two 

equation so it’s a product of two quantities equal to zero, these equations binomials, but they started 

will be a lot easier to solve. out as quadratics. 


Expanding two binomials made a quadratic equation, so maybe factoring 
the quadratic back to two binomials 1s the way to go. Let’s try that and see 


what happens. Any equation with 
a degree of 2 is a 
quadratic equation. 
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quadratic equations 


Rem mb ae 
Factoring Magnets 0. the ats © because the height 
Same level as ent is sta 9 


ndin a 
Use the magnets at the bottom of the page to fill in the blanks, and the catapult. 9 at the 
see if you can solve this problem on your own. 


be 
ae 10x — = 0 The last two numbers need to 
ee maltiphed together to be - 19. 
6 wll we 


@ use the ZPA, § 
Tt to avantities that ( = ) ( oe ) = 0 





when multiplied together Vesgitreehee (eRe leis Z Newest wise se pcegencatens 

eaual zero. 

) £ these values will be 
We Il explain where this eee two will be numbers: We'll explain where this 
sign came from aad | a sign Came rom later: 

Oe a (+) = 0 
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factoring magnets solution 


Factoring Magnets Solution 





Your job was to use the magnets to solve the quadratic and help Jon ; ek grt. To Figure 
hit the opposing frat’s president. This 's the bret) is s, You have 
out these two ba ers, Lome that 
«ne: nui 
have two fhings: two a that, when 
x2— 10x _— 15d = () multiply out to =19/a" bo 10, the 


ded tageher, come one equation 


: in th Wind 
The first ion eee toefticient of x in the orig 


wonrtee (GJ-ED(EHEY = 0 
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Where does Jon put the catapult? 


So x is -5 or 15. But what does that actually mean? How can a catapult fire a 
balloon a distance of -5? Keep in mind the context of this problem. How can a 
water balloon travel -5 anything? 


A negative distance means that the balloon goes behind the front of the catapult. 
That doesn’t make sense in this context, so we can ignore that answer. What we 
needed was the 15. The balloon will travel 15 feet. So let’s shoot the catapult from 
15 feet away from the president... 


eee ett tre 
- - 

wer =e 
- 


Theta Theta ae Pa 

Pi’s house Pa > 

vA i Path ok a . 
a water ballon % 


De 
- 


<--"" 


’ 
Von's new 


_ = catapy It 


h (height) 





x (distance from the 
front of the catapult) 


15 feet 














-5 feet 


Uh oh... the president’s relocated 


While you were figuring out how to hit the president, he got clever and moved! 
Now the president’s hiding in a custom-dug water balloon bunker. 


herp your pencil 
IN The 21 foot hole changes things. Write the 


new equation that you need to solve for Jon. 
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quadratic equations 


Pi Garmma 
Delta's nie 






Where the water 
balloon lands 


Pi Gamma Delta's 
president out in 


the yard... 






but while You were 
attoring, he was 


digging, and now... 


he's safe down in 4 


Pie LI foot hole. 
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factoring takes planning 








The 21 foot hole changes things. Write the new equation that you 


harpen your pencil 
~ Solution need to solve for Jon 
ave to go back to the original equation, 


= -x? + |Ox + 75 so You Can substitute the new h back in. 





gs sang ste. tree, 






-Y = -x’ + 1Ox +75 + 21 


You should always factor with a PLAN 


If we’re going to get the balloon to hit the president, we’ve got to 
solve our quadratics faster this time. 


What we did with the first equation wasn’t very organized, or 
consistent. We tried a bunch of factors, and then had to do FOIL in 
reverse. Neither was that quick. 


Let’s look closer at what we did with x* - 10x +75 = 0 and figure out 
how to get a bit faster. 


The standard form of a quadratic 
equation is three terms: 


2 
an x° term, an x term, and a tonstant. 


© We need a standard form. 
The equation needes to be in the standard form of a quadratic, set ) ) ran 
to zero. You have to have the zero, or you can’t use the zero product 2 
; x - 10x -715=0 
rule and split up the possible solutions. 


© We need two binomials. 
Once the equation is in the proper form, you know you’re going to 
need two binomials that start with x. Fill those in and you’ve already 
got half of the terms ready. 


(x Mx )=0 


These need to be multiplied 


+ 75. 
CS] Figure out the other two terms in the binomials. aa a a 


The last two terms need to accomplish two things. First, they have to (x IDk D=0 
be multiplied together to get the constant in the quadratic equation. 


Second, they need to add together to get the middle x term. 
These need to be added (or subtracted) 


to get the x term the -lOx. 
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quadratic equations 


Factoring Up Close 


Picking the last two terms to fill in for the binomials is the trickiest part of 
















factoring. Sometimes it helps to get even further into the details. 


(x Ox Q)=0 
\_X& Picking these two 


The easiest way to find out what numbers you can use is to list all of the possible 
factors of the constant term of the quadratic equation. Why? Because when you 
multiply this thing back out using FOIL, you know that those two numbers multiplied 
together will end up as the constant in your equation. 


ete u know that these are the options, then 


Once yo 
=2503 you as on to look at the x term, 10, in our 


tase. There needs to be a set of these that 
=(6+3) added (or subtracted) together gets to 10. 
15 


-5=]0 


Look over these factors closely. Which pair will let you get to the middle x term? Since 
our middle x term is 10, we can take 15 and 5, which have a difference of 10. 


(x 15)(x 





5-0 


@ Fill in the signs and check your work. 


To finish up your binomials, fill in the signs. Your binomial constants 


(x — 15x +5) =0 


need to be multiplied to get the same sign in front of the constant (75), 
and added to get the right x term (-10x). Then, expand the binomials 
: x + 5x -15x- 75=0 
you came up with, using FOIL, and make sure that it matches what you 
started with. x - 10x -715=0 






Use your new factoring skills and the equation you just wrote for the subterranean president to 
figure out where the catapult needs to go now. 
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exercise solution 





Use your new factoring skills and the equation you just wrote for the subterranean president to 

noes figure out where the catapult needs to go now. 

2 Reise 
OLutiON «ig not auite the right 
la tz This is not 9! 

Osiek E1OK sean fas but you can swap he 
zero to the other side- 
-x? + 1Ox + 96=0 
Then get rid of 


that -I. \ -I (-x* + 1Ox + 96 ) = -I(0) 


x - 10x - 46 =0 T____ Now were in standard form 
for a quadratic equation. 
The options for the last aa = 
Lwo terms Come from 9b = gbe’| 
=4@0e2 
=32¢ 3 We also know that aaqeedng 


in the middle, so the two terms 


=14 0% i _ need to work out to 10. 
=|beb 


(x Ibex 6) =0 


For the signs to get a —96, one has to be positive, and one negative. 
Sinee we want a —lOx, the bigger number is the negative, —16 


(x + bx - 16) =O | 
Use FOIL to check this a 
x+6=0 x-l6=0 ene: 


be [bu t bx - =O / 


Shiai fess a els 2 lox- % = 0 


x= 6 x= lb 


Jon needs to stick the catapult back 16 feet to 
hit Pi Gamma Delta where it hurts! 






Yeah! Direct hit! He can 
run, but he can't hide... 
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quadratic equations 





Qe POINTS 


Quadratic equations have up to two 
solutions. 


= You need to check that your factoring 
is correct using FOIL. 





= Factoring a quadratic equation means 
finding the product of two binomials. 


= Finding the constant terms for 
the binomials is the hardest part of 
factoring a quadratic. 


Quadratic equations need to be in 
standard form before you factor. 








there are no 7 
b Questions 


Q: Do | have to write all of those teeny steps? 


A: Not forever. Whenever you learn something new, it’s good to 
write down as much as you can so that you can check your work. 
We actually wrote down a few middle steps that make it easier to 
understand. The binomial only needs to be written once, not 3 times. 


The bottom line is that you should write down as many steps as you 
need to so that you can understand and complete your work. 


Q: Is this just FOIL backward? 


A: Yes! We’re working on figuring out what two binomials will get 
you back to where you started. Why? Because if you apply the Zero 
Product Rule, you can solve the quadratic! 


Q: What are quadratics good for in the real world? 


A: Quadratic equations can be used to address a whole new set of 
real world scenarios. For instance, Jon’s equation is a simplified form 
of a projectile motion equation that describes how objects will travel 
in the air. 

Quadratic equations are also used to design parabolic microphones, 
satellite dishes, and suspension bridges. They are even used to 
design water fountains like those outside fancy Las Vegas hotels. 


Q: How can one equation have two solutions? 


A: When you have an equation with a degree of two, there are two 
solutions. Remember, a solution means a number that makes the 
equation true; that’s it. As you check your solutions, you'll see that 
there really are two ways to make these equations work. 


Q: What’s standard form for a quadratic equation? 
A: The general way to write itis ax? + bx +c =0. 
Q: What if there’s an ax’? We’ve only done just x’ terms. 


A: Things get more complicated. The process doesn’t change, but 
if you think back to FOIL, that means two things. First, the first terms 
of the binomials need to come up to ax’, not just x’, so now you're 
looking at a coefficient in front of one or both of the x terms. 


Second, that means when you expand the binomials back out you 
have to keep that coefficient in mind when you're getting the x term. 
It means you're looking at a lot more trial and error to get it done. 


Q: Can you always factor an equation? 


A: Yes and no. There are methods, like completing the square, 
that allow you to work with fractions to factor any equation. But it’s 
tricky and really more of an Algebra 2 topic, anyway. 


So what does a quadratic that doesn’t easily factor look like? Good 
question. Turn the page and see... 
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anew problem for Jon 


Pi Gamma Delta built a wall! 


Over night, Pi Gamma Delta got some of their engineering 
majors to supervise their pledges and build a wall between 
the frats. Now the president figures he’s safe because there’s a 
lot more than just a couple of bushes protecting him. 


Pi Gamma 
Delta's a 





x (distance from the 


(he 
) } " m. \ta’ 
front of the catapult) ak NR Gamma Deltas 


president feeling 
safe behind the wall. 










That wall is 9 feet 
tall. Is there any way 
we can make it now? 






J on has no idea how to figure this out. 


But you do. Now you need to figure out another h 
value: 9 feet. No problem! Just do what you’ve been 
doing, and you can find out if A of 9 feet works. 
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G harpen your pencil 
IN Can Jon clear the wall? Start back with the original equation and 
put 9 in for h, then solve. 





Something, weird is going to happen. Just 
flip the es when you get toa 7 ESSE ESSERE OESSEOEOESSEOESS 


where You eel you're stuck... 
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sharpen solution 


chery your pencil 
IN Solution Can Jon clear the wall? Start back with the original equation and 


put 9 in for h, then solve. 





-x* + |Ox+ 75 =h quation in 


standard *xorm, we need 
to get a zero over here. 





-x? + 1Ox + 75 = 9 


LE eae SP NOT II acho cence stncteonsalneenctaalueea des ncs 


Remove the 
SI? + 10x + 66) = —1(0) 


Now were in standard ‘orm 
for a quadratic equation: 


the last 


The options for fi etbell 


eA psa sda ace SAN ead RIES Cia Mies Wiad Oe elate NE ce ARN aC esas BODOG EE SF Uni dra Me bieudd baa Sint hesais two terms dome trom 


We need two constants that can be added 


And that’s the weird thin 
9 we warned 
about. Fattoring doesn’t always work. ue 


Now what? 
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quadratic equations 










Got any ideas where we should 
put the catapult, Oh Great and 
Wonderous Pledge Captain? 


Jon: We can’t figure it out. This equation won’t work out. 
Scott: Jon, if we don’t hit these guys— 


Tim: Hey, you guys, what’s this thing in the small print on 
the website? 


Scott: I didn’t see that earlier. Let me see. 







S 5 SIEGES-R-US 
| Catapult 
Wooden catapult 


Up to 5ib capacity 













Range based on: 


—x2+10x+75=h 





The small print 


_ -b+,/b’ - 4ac 





Scott: Oh yeah, there it 1s. It says: x = 
Jon: What the heck is that? 


2a 


Tim: It looks a little like the range equation that it came with. 
It uses x, right? 


Scott: What about all those other letters: a, 6, and c. Where 
are they coming from? 


Jon: I’m not sure, but let’s figure it out. 


Scott: Quick, or the president’s going to move again! 
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exercise that formula 


Try out that weird equation that Scott found and see if you can find x. Then Jon will know if he 
can whack the Pi Gamma Delta president on his head, even with a wall in the way. 













This ; 
sins Phe alate ete ea bat bee NA tea ate aed beim cg ts at t/t then Rian aNd Mae N Shan teres tah dele c nce me St again Formic 
The equation we This is the equation ratie equati 
...need ta.solve. \ adn tac heal [ose Lae OR OND Ts hie ef tions cine iey a otal ee alte 
x -lOx- bb =0 pes -b@)/b? — 4ac Standard form is : 2 


ihegitepinetecsagg Peace crimes eemeee seta abs teed samt Pea etanen ac 71 EE TERN TERE 2 gx? + bx +e=0 anh eoiae 2 bead cea 
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We left you plenty of room to 
work things out! 
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exercise solution 





Try out that weird equation that Scott found and see if you can find x. Then Jon will know if he 
can whack the Pi Gamma Delta president on his head, even with a wall. 









percise 
OOLUtION 
Wega punto lao ahcvucecoibiteca’ gue a Sins ecase deci bora golds Sacra arecat erence AS e top aM duateone dolstesd gde ei eea gaa Oly wialihdidl 6 spre eto s iste aceite SE isos ebandaid fate: 
The equation we This is the equation a quadratic equation. ° 
on need to salve, > ne oe SONOS okie oie ores ones es are el 
in Pep = EW? = ac Standard form 1S: 3, 
shed epic tec sneag Peace nczimeng ss emeee seth abhns tects shtae tea eta nee ac 711 EE TERN PERE egy? thx Fe =O  frrvcresteseeseeeees 





b= -lO Make sure you hold onto 
Haine cia hee 10 NO = Bb Occ ENS, negative Signs..ceccssecceseeeeeneeee 


ute eet eles See ea 
t values... 





| 
Sh ace eto pau east eae HN OP OE ceo cade cescen en eametooine 
Shas Wate! > 
x = — (10) +V(-10)* — 41-66) 
oe Cc ry oT ace aR cc Na 
After substitution, simplify J x = 10 100 + 264 
ge dtasocaaas as muth-as Yyoutans UL ee eee aT RO TANS aOR aN UPROAR eA 
x= 10 +64 
Bsa Ns a i alanis ds dates Ok Matcher dat Terragrrrrrrsticesinies) seeeessssssieeesssssssusseeesssssnaseesssssssasseeessnesssassss 


At this point, we need to split up the formula to deal with 
ETE TEEN UNT ERERERRNT ERM EOCENE Cork ea Rr ee ie eee ite that “plus OE INUS. thing.” That’ eae We'll “just have pe . 
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This is how You ge pop ssssssssessssssssssisssssisiiiin 
solutions to the equation. 





Sane equations; A pinistai tes dete Naesect ens Suceava nw cea eae es 
= lo aaer has a plus sign, and the = b4 
ihe stared tcan ete ake cat an wins i Gees igEagh si Ween seeueheaed soe deds MoU WB, Nase MAUR SUQUN ci sisi ok the 2c chs tess ek Dc nena ecg lea rnaets His nets! 
x, = 10 + 190768 <> x, = 10 - 19.0788 
a This is a rounded solution. 2. 





peace cet ns eat NOK EON 8 hr ahi ceed ott nel enh, AOR OO AO), ot %, 

eta W493 94) LON S93 9N) 0b. Occ cece ee tes eee LAM BUY, -1OCF. BIA) = $6 =O. 

TY 1-3 Rl Bie rk ne 20.6061 + 49.394.5% bb =O 
O=0 0.000! = O 


sted bk Sudha alles aera Roun aaa lard acazaceilh fete ad dene, aaletle di arerare,'o Ovarae aS orale eacd bi 8,4 ayia So oaw wy face ehd aie re “a wa eleete 6 ae Waheis ead ay eineouke day ee fyigrts LOS AMMO ner eeee teers 
be consider’ 
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interpreting quadratic solutions 


9 feet is not a problem 


After using that formula from the side of the box, we figured out that 9 feet 
works for the catapult at two locations: -4.54 feet and 14.54 feet. 


Both of these numbers are the distance from the front of the catapult to the 
location where the water balloon will be 9 feet off the ground. That’s good 
news for Jon because it means that the water balloon is above 9 feet before 
it passes the front of the catapult and until 14.54 feet away. As long as the 
catapult is less than 14.54 feet from the wall, it should clear it! 


TT a 


% =- 4.5394 


x= 14.5394 





| f a Delta’s 
ses & Kp Ga 3 to 


president about 
get nailed 





x (distance from the 
front of the catapult) 









Nailed him! 
That's twicel 






20 
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quadratic equations 











What was that thing that you 
used? Jon just found it in the 
small print on the website! 


It’s the quadratic formula. 


There’s a formula out there that can give you the solution 
to any quadratic equation—no factoring required— and it’s 
what was printed on the side of the box. 


The quadratic formula 


The other way to solve a quadratic equation besides factoring is by 
using the quadratic formula. The quadratic formula is written for 
the standard form of a quadratic equation that allows you to solve any 
quadratic equation, whether or not it can be factored. 





The a) b, and ¢ in this equation 
are the a, b, and ¢ in the 


Stan : 
standard form of a quadratic. dard form Is > 








2 
This is the x in the —_ =D - . - = 
quadratic equation. 


This symbol 


M 
medns Plus or minus.” 


The quadratic formula is great because you can use it to solve any 
equation, but it is a bit cumbersome. To get both solutions for the 
quadratic (remember, a quadratic has two solutions), you have to work 
with the “plus or minus” symbol. To handle that, you simplify the 
expression once for addition of the quantity under the root, and a second 
time for subtraction of the quantity under the root, like this: 


_-b+/b'-4ac ,, _-b-—/b* - 4ac 
is 2a me We 2a 


The substript is ae 
Just a way to tell 


ie answers apart. 
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no dumb questions 


there are no a 
b Questions 


pum 


Q: Why didn’t we use the quadratic formula first? Isn’t 
factoring a waste of time? 


+ We didn’t do this first because we knew that you would say 
that! The quadratic formula is fantastic if you can’t factor, but if you 
can, factoring quickly gives you the whole number solutions. 


Another issue with the quadratic formula is that it’s easy to mess 
up. You need to watch the order of operations and the square root. 
If you get either of those wrong, then your answers will be wrong. 


Q: That square root was really long. How much of it do we 
have write down? 


A: It's a judgement call. There is a standard for how many 
decimals you should use, called scientific notation. For now, let’s 
say that two to four decimal places is enough. 


Q: What if there are fractions for a, b, or c? 


A: That's no problem. You can do two things: 


First, just go ahead and put the fractions in the quadratic equation 
and simplify. It can sometimes be pretty difficult to do that, but if 
you watch your order of operations, there shouldn’t be a problem. 


The other option is to multiply the equation by a number that will 
allow you to clear the fractions, like 4 if you have 1/4 or 3/4, then 
use the resulting coefficients in the quadratic formula. 





Watch it! 


Q: Will the square root always be a decimal? 


A: Most of the time it will be, so you'll need a calculator. There 
are, of course, perfect squares (9, 16, 25, etc.), but it’s not very 
often you'll get one under the radical. 


Q: Will real world equations have decimals? 


A: Most of the time you'll have decimals. Unfortunately, the 
real world tends to be messy and not easily quantified. A lot of 
equations deal with real materials (like water or steel) or real 

phenomenon (like speed) are based on measurement, which 

typically are written in decimals. 


Q: Where did the quadratic formula come from? 


A: The quadratic formula can be derived using a special 
factoring technique called “completing the square.” If you use the 
a, b, and ¢ general constants when you complete the square, you'll 
come up with the quadratic formula. 


You'll learn how to complete the square for any equation later on in 
math... it's nothing to worry about right now. 


Q: What if the value under the root is negative? 


A: You mean, what if b? - 4ac is negative? Well, you can’t take 
the root without learning about a whole new class of numbers... 
and that’s another book altogether. 


So what do you do if you come across this now? Keep reading... 


The quadratic formula requires precision. 


You have to get the order of operations right when you're 
working with the quadratic formula. Everything under the 
radical has to be simplified before you can take the root. 


You also have to watch the signs! It’s easy to lose track, so if you need to 
write all your steps out, that’s a good way to keep from making mistakes. 
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quadratic equations 


Gsharpen your pencil 
IN 


x is the distance the slingshot needs 
” bo be from the wall to BO PA > REESE EEE OOSEESSOESESSOOCEOSOOSEOOOOCOOOOOOOOOOOCOSOOOOOOOOOCOOSOOOOOOOOOCOOOOOOOOSOOOSOOS 









Tim and Scott pulled out the slingshot from last year to try and ping the 
vice president of Pi Gamma Delta while Jon’s setting up the catapult 
again. Help them figure out where they need to shoot from. 





Make sure You check your work! 
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Sharpen solution 


harpen your pencil 
Qr eh ee 


x is the distance the slingshot needs 
Lo be from the wall bo make it over. rite e eee eteenrensesseat ene neeneesersneneneestrseesnteneenes 






Tim and Scott pulled out the slingshot from last year to try and 
ping the vice president of Pi Gamma Delta while Jon’s at it. Help 
them solve the new problem to figure out where they need to be. 















x = — (8) tal—@y? — HLIN3) teh, Lhe signs! 
ma) 


x= G+ 164-52 
2. 


ill work, so 
~~ These are the two values that wi 
%.= 2132. ues 1.268 feet and 5.732 feet the 


earn ey Ja ge gery as Va te be en clingshot will get te balloon over the Rea eg oes, 








u check your work! 





Make sure Yo 


There was some rounding in — 0.0092 = ie 
liveee, ‘eo Eas ee basta Oo oer re i es 
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quadratic equations 


BRAIN 
jj 2 BARBELL 


Here are two quadratic equation for you to work on—be 
careful—some weird things are going to happen. 


You ean Choose between 
eee factoring or using the 
quadratic formula. 


x2+ 10x + 25=0 


Try to factor it here: Use the quadratic formula here: 
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brain barbell solution 


BRAiw 
oye BARBELL SoL_uTIEaN 


Here are two quadratic equation for you to solve. 

Be careful - some weird things are going to 

happen. : eee You tan Choose between 
factoring, or using the 

<< quadratic formula. 


<— The only fattors add up 


Let's try factoring First LEE EY 








(x + \(x + )=0 ee to 5 or 8... no good. 
This equation can't be factored, so 
ee —b+ ae ae we'll use the quadratic formula. 
; en ue, To fol 
5 L—_ lo tollow the order of operati ; 
X= — aD 40) @) work under the radical first. " 


That’s a negative number! 
What does that mean? 









What's the weird thing that happened here? There's a negative number under the radical, 
so You tant get the square root. 


x2+ 10x 4+ 25=0 








Try to factor this: Use the quadratic formula here: 
(x + 5)(x+5)=0 awd £ Vb? - 4ac 
2a 
— fy _ =10 + /10? — 404) (25) 
oot? x+5-5=0-9 7 





2(1) 
x=-9 == += 710 + /100 - 100 


But there’s only one answer! ) oc —10 ( / ) - 10. __ ee 
= = 9) = 


ag 
am 
This goes away- 


The numbers under the radical cancel out, so 





What's the weird thing that happened here? 


there's only one answer. 
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quadratic equations 






Wait a second! I thought that the quadratic 
formula was always supposed to work. With that 
first one, we're totally stuck before we even finish 
under the radical! In the second one, the root just 
goes away. What's that about? 








The quadratic formula always works... but it may give 
you some surprising answers. 


A quadratic can have two solutions... but it can also have one solution. And, 
to really throw you, sometimes the solutions are undefined. An undefined 
solution is what we call a solution that forces you to take the square root of a 
negative number. 


So how do you know what to expect? It’s all about the discriminant. 


What the heck is a discriminant? 


The discriminant is the portion of the quadratic formula that is under the 





radical, that square root sign: 





& IF b° — dac > 0, then there are 2 real solutions. 


This is the typical situation we’ve been dealing with so far: two solutions that 
are independent and real. 


@ IF b? — 4ac = Q, then there is only one unique solution. 


In this case, there’s just a single solution that makes the quadratic true. 


@ IFb”? — 4ac < 0, then the solutions are undefined. 
Here, there aren’t any real x values that will make the equation true. This is 
because you'd have to take the root of a negative number. 
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interview: c 
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Head First: Hi Discriminant. It seems you haven’t 
gotten much publicity lately. 


Discriminant: So true. Most of the time, people 
are required to learn about me, but they just don’t 
appreciate my usefulness. 


Head First: Umm, yeah. So, what exactly are you 
good for? 


Discriminant: I’m a short cut! Using the quick 
b? - 4ac check can save you from doing lots of work. 


Head First: How so? 


Discriminant: If you just run that formula and 
compare it with zero, you can figure out how many 
answers you're looking for with a quadratic equation. 


Head First: I sce. So if you’re less than zero, the 
solutions are undefined, right? 


Discriminant: That’s true. There aren’t any real 
numbers that can be squared to get a negative 
number. 


Head First: What about if you’re equal to zero? 


Discriminant: There’s just one number that works - 
so if you're going to solve the equation, you know that 
youre only looking for one answer. 


Head First: And if you’re greater than zero? 


Discriminant: Then there are two solutions, like 
you’d expect for a quadratic equation. 





The Discriminant ‘Exposed 


This week’s interview: 
Are you hard to work with? 


Head First: So it’s a neat little trick to figure that 
stuff out, but how does it really help to figure you out 
first, instead of just factoring? 


Discriminant: It’s almost like checking your work 
in advance. If you know how many solutions you’re 
after, you’ll know when you get some solutions you’re 
on the right track. 


Head First: That seems helpful. Do you have any 
other tips? 


Discriminant: If you figure me out and I turn out to 
be a perfect square, the solutions to the equation may 
be a round number. 


Head First: Just to review, why are the solutions 
undefined if you’re negative? 


Discriminant: Because you can’t take a root of a 
negative number. A negative square root 1s undefined. 
That’s a property of a square root. 


Head First: Thank you so much for your time. Now 
I think we all have a better understanding of what you 


do. 


Discriminant: Thank you! I’m so sick of being seen 
as a waste of time. I’m actually a real time saver. 
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quadratic equations 


+ Gg 


+ + 
WHE DOES wHarT? 





Simplify each discriminant and then match it to the corresponding 
possible solution to the quadratic equation. 


Discriminant Value Possible solutions to the quadratic 


equation that created the discriminant: 
b* —4ac =? 


You don't have to work 
out the attual solution. 
See if You can use just 
the diseriminant to Figure 
this out. 


Undefined 
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who does what solution 


+ EG 


+ + 
WHE DOES wHarT? 
SavcoTianw 


Simplify each discriminant and then match it to the corresponding 










possible solution to the quadratic equation. 







Discriminant Value Possible solutions to the quadratic 


b’-—4ac=? 





equation that created the discriminant: 









Undefined 


S 


cS eae cane cara neo, ARS OS, sta ra, have Bihedora ite a Seay ihage ay ehayectyauadats ad eye eee ie : a ae: a 
number of Solutions... the 
distriminant made it easy 


See which of 
Possible sluts, these are 





Ons. 






352 Chapter 9 


Download at WoweBook.Com 


quadratic eq 





ee | Phe standard form of a 


thereyareno 
b Questions 


pum 


Q: Checking my work with the quadratic formula 
is a pain... 


A: Yeah, it kinda is, but it’s worth it. The quadratic 
formula is pretty easy to mess up... those signs can be 
a real killer. 

The decimals make checking your work tricky, too, and 
they make solving the original equation difficult. That’s 
why checking your work is so important! 


Q: Why can’t you take a negative square root? 


A: Because a negative times a positive is a negative. 


A square root is supposed to be two things that are 
exactly the same multiplied together, and you can’t do 
that and get a negative. 


You can, though, take a cube root of a negative number. 


Since a cube root is three numbers multiplied together, 
a negative times a negative is a positive, times another 
negative is a negative. 


qwadratic equation 


ax’ +bx+c= 


Se 


Q: If | want to start with the discriminant, do | 
have to get the actual solution for it to be useful? 


A: You can totally eyeball it! If you get 1 minus some 
giant number, it’s obviously negative, and that’s all you 
need. Just use your best judgement! 


Q: Which is better, factoring or the quadratic 
formula? 


A: It depends. Usually, if an equation’s factorable, 
then factoring is easier. If you start with the discriminant 
and it comes out as a perfect square, it’s probably a 
good idea to try factoring first. If you factor, you get 

nice whole number answers, which makes life so much 
easier. 

On the other hand, if you just want to solve an equation, 
go quadratic, and you'll get the answer every time. The 
downside is that it’s easy to mess up. 
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a moving target 


Frat Wars, part deux 











This is taking too 
long, and the president's running 
around now! We need to get at 
least one more hit or we're out. 
We need to speed this up more! 





After their unsuccessful attempt to hide their president in a hole and behind 
a wall, Pi Gamma Delta has figured out that Jon can be really exact with his 
water balloons, if he has time to calculate. So now the president has decided 
he’s going to just keep running around since we can’t work that fast. 


To aim the catapult properly, we need to be able to work out two things: 


a) What heights can we hit? is that we've 
Jon’s water balloon can only go up so high, and there’s a different x for The problem is dratie 
ae got to solve the quadr 
over and over. We really 


need to just be able to look 
hi somehow--- 
© For every height, where does the catapult need to be? these things uP 


Jon needs the position for aiming, which is x. Then he can nail the 
president and get himself and his fellow pledges into Theta Theta Pi. 
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quadratic equations 


Lye + |Ox + 719 =h Pi Gamma 


y Delta's *~ 













I'm just going 
to keep moving... 
then they're hosed. 


ER A ora 


Pi Gamma Delta's 


pres dent 





A graph lets us SEE values... 


Just like when we were working with linear equations and wanted to skip 
calculations, a graph would help us see all possible solutions. 


We need to figure out the relationship between distance and height, so for 
any distance, we know the height to shoot balloons, and vice versa. So we’re 
looking for the relationship between two variables, x and h. 


If we had a graph, we could just read off points and tell Jon without having 
to run a bunch of calculations. The thing is, this equation has an x” term in 
it, so how does that work? It’s probably not a line, is it? 


fo BRAIN 

PQWER 
What shape do you think this graph 
will take? 
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graphing a qi 





How can you graph x2? 


We know lots of stuff about an equation in the degree of one: it has 
a slope, some intercepts, and it’s a straight line. But a second-degree 
equation may have some other shape that we don’t know about yet. 
We do know that it can have two solutions, not just one, which must 
mean something about the graph... 


The simplest way to plot a graph of an equation is to plot a few 
points, and then connect the dots. Since we don’t know the shape of 
this graph, let’s start by picking a bunch of points and plotting them 
to see what we come up with. 


Fill in this chart with the right A for each x. 
Here are some 


x—values. You 
Figure out the * 
h—-val 


—Values. % 





Use this space Lor extra work: 
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quadratic equations 


G harpen your pencil 
IN Plot using the points that you just found on the facing page, and draw 
the resulting curve. 





Draw a smooth line that goes 10 
through all of the points: 


80 
60 


40 


-x + 10x+ 75=h 
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sharpen solution 
re your pencil 
Solution 


Fill in this chart with the right h for each x. 






—(5)" + 10(5) + 75 


-(8 + 10(8) + 75 Wl e— @ 4) 


This one was actually ios 
a! G, 9) 
(0, 19) 
Use this space Lor extra work 


-(10)* + |O(IO) + 75 = -100 + 100 + 75 = 75 


(3) + 10(3) + 15 = -9 + 30+ 15 = % 
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quadratic equations 


Plot using the points that you just found, and draw the resulting curve. 







coth line that goes 106 
wa Sim 
cae all of the points: 


(10, 75) 


x + 10x+ 79 =h 


exactly a smooth shape. 


The point of the exercise was to have you figure : 
out the general shape of the equation, not draw : 
a curving masterpiece. : 
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a quadratic is shaped like a parabola 


A parabola is the shape of a quadratic equation 


A parabola is basically a “U” shape. The width and placement of the U-shape 
changes, depending on the equation. A parabola is also symmetrical around an 
axis of symmetry and it’s lowest (or highest) point is called the vertex. 


Pe ie is an invisible This particular arabola’ 
ine that slits Ere fis oy Bt oF symmetry i the 
parabola in halt. ( imal Y y-axis. But it doesn’t 

always work out that way. 










The overall shape is 
<— talled a parabola. 


——! 


Cymmetrical means it’s the same 
on both sides of the graph: 


|—]NWAUANWOO 








10-9 -8 7 6 5 4 3 2-144 123 45 67 8 9 10 


Vertex is at 


he origin. 


The simplest parabola, y = x’, is symmetric about the y-axis, and the vertex is the 
origin (0, 0). It’s the most basic parabola, and that makes it a great example to use 
to talk about the parts of the graph of a quadratic equation. 


Once you start adding x terms, coefficients, and constants to a quadratic equation, 
the graph changes. Jon’s catapult graph was upside down because our quadratic 
had a -x? term. Other coefficients in front of the x? affect how wide of narrow the 
U-shape is. The x term and the constant term in a quadratic equation move the 


basic parabola around on the plane: up, down, or side to side. 
The y = x? parabola is the hasic 
a P 


shape of all quadratic equations. 
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quadratic equations 


Graphing a parabola depends upon the vertex 


Once you know what the vertex of a quadratic equation is, you can pick some points on 
the left and right of the vertex to draw a nice curve. That’s all you need! 


Finding the x-coordinate for the vertex is easy, it’s: x b 


~ 2a 


To find our catapult’s vertex, start with the equation in standard form and use the formula: 


-x’ + 1Ox+ 715 =h 
Fa x SS 


eee 
Za —(5)" + 10(5) + 75 =y 
=. 10) —25+504+75=y The vertex is ( 5, 100) 
2(+1) 
a 100 =y 
=5 Substitute the 
x—Coordinate fo 
vertex back as [t may seem like a lot to remember 
equation to get the vertical The more you work with quadraties 
coordinate Ch, in our case) the more all of this will become 
. setond nature. Just keep at it, and 
Use and understand the vertex dont give uP. 


The vertex is either the top or the bottom of the parabola. How can you tell? If 
the quadratic starts with a positive x? term, it’s the bottom of the parabola; if the 
quadratic starts with a negative x? term, it’s the top of the parabola. 


Vertex 
To finish the graph after you 
know the coordinates for the 
vertex, you just need a couple 
of points along the two sides of 
# the parabola to finish the graph. 


To pick the rest of the points to 
graph, just go to the left and the 
right of the vertex, and you'll 


Vertex 


have the basic shape. 
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Jon can hit a moving target 











Here goes - I'll tell you where 
the president is if you tell us 
where to stick the catapult. 


100 







Ceott, fraternity pledge 






80 and catapult spotter 
Remembey- this j 
» this is th 
ot the wate, bliss ais 
—x} + 10x + 15 =h ai 
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quadratic ec 
harpen your pencil 


N Here are the locations that Scott’s calling out. Use the graph that 
you drew to figure out where to put the catapult. 
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sharpen solution 


ep your pencil 
IN Solution Here are the locations that Scott’s calling out. Use the graph that 


you drew to figure out where to put the catapult. 


Diveet hit! 


Climbed down to a second-story porch, 15 feet UP accesses TRE Ro See ere 


Up 15 feet, it’s either —4 or 14.5 feet, so put the catapult 14.5 feet from the porch. 


100 


80 





-x> + 1Ox+79=h 
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quadratic equations 


Work with the parabola, the SMART way 


Now that you know all about the shape of a parabola and how it relates to the equation 
and the discriminant, we can put it all together and see how everything works. 


Our original —~ - +1lOx+5=h 
equation 


1) We know that the parabola is pointing down because the 
x?-coefficient is -1. 


(2) You can easily figure out the vertex with x =- oA 


x = -(10) = Sea Ses +75=h 


21) 
(25 5= 
Substitute this back into aint ee = : 


the original equation to find 
the other vertex toordinate. 
That means the vertex is at (5, 100) when you plot the graph. 
bp? — Fae 
3) Evaluate the discriminant to find out how many solutions there will be 
for the catapult’s quadratic equation. 


distriminant = 10* — 4(-1)(75) than Ze" that 


=100+300 — cince this is greater caries Thi 

- here ave two veal Sol MS was the first 

= 400 -—— means ther 'me You solved the 
equation, h =O. 









Two real solutions to the 
equation indicates two x 
values where the vertical 
value (A in our case) is 
zero. We already know 
those values: 


(15, O) and (—5, O) 


(Es) ey EY = 0 


£ 


(xP [2s l= 0 (iE) =0 
+4 Ee Gobo + Gs) 

















What if the discriminant 
was O or less than 0? What 
would that mean for the graph? 






The parabola can sit two other 
ways on the Cartesian plane 
with respect to the x-axis. 
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the discriminant and the gra 





The discriminant can help with our graph, too 


Discriminant values fall into three categories: greater than zero, less than zero, or zero. 
We’ve talked about what those values mean for the number of solutions to a quadratic 
equation, but what about for the graph of a quadratic? 


® IF b2—dac>0 There are 2 real solutions, 2 places that 
the parabola crosses the x-axis. 


The solutions for the quadratic equation are the two values that work when the 
equation is set to zero and where it crosses the x-axis. 


& IF b?—4ac = 0 There is only one unique solution, and the 
parabola only touches the x-axis. 


Like the picture of y = x’, the graph sits on the x-axis but won’t cross the axis. 


a) IF b?—4ac <0 The solutions are undefined and the graph 
sits above the x-axis and never crosses. 


An undefined solution means that the quadratic equation has no number that 
will work if the equation 1s set to zero. On a graph, it'll look like it’s floating... 


So here’s our final graph: 


Take all that information, and you'll end up with the same graph as 
before. But, this trme, we’ve got some built-in checks for our work. 
We knew to expect an upside-down parabola, with two real solutions, 
that crossed the x-axis in two places. 


vertex (5, 100) 







The solutions 


. for a quadratic 
he Parabola Should be 


upside down and éross 
he x-axis twice. 


equation are 
th * the x values 
when the 


other variable 












The solutions 
are (—-5, O) and 
(15,0) which work 
with what the 
distriminant told us. 


—_—__—__—___— 
0-18-16-14-12-10 -8 - 


(usually y) is O, 
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thereyareno 
b Questions 


pum 


Q: What’s the deal with always having two answers? 


A: When we talked about the discriminant, there were three 
different options for answers. One answer, two answers, or no 
answers. The basic parabola, y = x’, only touches the x-axis at 
one point, so that’s one solution. 


The typical parabola, like the catapult’s, has two solutions and two 
places it crosses the x-axis. When we used the quadratic formula 
to solve this equation, the answers we got were the two places 
that the parabola crosses the x-axis. 


Q: How do | find the vertex again? 


od: 
A: The vertex has a consistent x coordinate,” 2a_ It 


is a fantastic place to start plotting points because it’s the top 
(or bottom) of the parabola, and you know that you'll have 
symmetrical points on either side of the vertex. 


quadratic equations 


Q: Is there another way to graph a parabola besides 
plotting points? 


A: Yes, but it’s complicated. We're just scratching the surface 
on parabolas, and in order to learn all the deep dark secrets of 
parabolas, there’s a lot more math involved. Algebra 2 will explain 
all of that! For now, we'll stick with plotting points, usually starting 
with the vertex. 


Q: Which kind of quadratic equations have a graph that is 
an upside down parabola? 


A: If an equation has a negative x’ term, the parabola is upside 
down, or pointed down. If the x? term is positive, then the parabola 
is upward. 


Q: Is there a way to find the axis of symmetry? 


A: The axis of symmetry is the vertical line that goes through 
the vertex of the parabola. 


So if you think back to the standard form of a vertical line, it’s just 


X= the x - coordinate of the vertex, whichis: » =— a 
a 





ae POINTS 


The basic shape of a quadratic 
equation is called a parabola. 


parabola is the vertex. 





= ~The uppermost (or lowest) point of the 


= The x- coordinate of the vertex is — ae 


= Aquadratic equation has 0, 1, or 2 
solutions. 
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Jon’s the newest brother 











Woo hoo! We're in! Even 
with the president moving 
and climbing, we nailed him. 





TI don't understand 
how they got me every 
time. Crazy pledges! 
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quadratic equations 


Let’s put it all together. Work with the following quadratics using all of the techniques you've learned. 





x2-4=0 How many solutions are there? t) 1 2 


How will you solve it? Factoring Quadratic Formula 


Which direction will the 
parabola be facing? Up Down 


5x2 + 4x —11=0 How many solutions are there? 8) 1 2 


How will you solve it? Factoring Quadratic Formula 


Which direction will the 
parabola be facing? Up Down 


3x2 -—x+13=0 How many solutions are there? it) 1 2 


How will you solve it? Factoring Quadratic Formula 


Which direction will the 
parabola be facing? Up Down 
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quadratic exercise 


Work on one more, but graph it this time. 
Exercise 
x2— 11x + 28=0 How many solutions are there? 8) 1 2 


How will you solve it? Factoring Quadratic Formula 


Which direction will the 
parabola be facing? Up Down 


Graph it here 


SG 





—]-NWBABAYOA™N © WO © 





10-9 8 7 6 5 4 -3 -2 -1, 238 5 6 2 8 2 10 


© 


= 
¢ 
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zercise 
Solution 


s'! uares- 
OF Me te - 220 


x*+2=0 x*-2=0 
A+xtY=0-2 phtx-f=0+2 
x =-2 x=2 
5x2 + 4x —11=0 


x= —b + fb’ - Fae 
2a 
x= -4+ +(4) — £(5)(-I1) 
2(5) 
x= 4+ 4+{ 236 
lO 
x= + +{ 236 
lO 


x = 1.136 x = -1.936 


3x2-x+13=0 


There aren't any solutions, the 
dis¢riminant is less than O 


quadratic equations 


Let’s put it all together. Work with the following quadratics using all of the techniques you’ve learned. 


How many solutions are there? O 1 


@) 


How will you solve it? g) Quadratic Formula 
Either one of these will work, but factoring is easier. 


Which direction will the 
CR 


parabola be facing? 
You know this because the coefficient 
in front of the x2 term is positive. 


Down 


Greater than zero — 
there ave 2 solutions. 


How will you solve it? Factoring ( Quadratic pormuley 


Which direction will the 


b* - 4ae = 16 — 4(5)(_]]) = 236 


How many solutions are there? O 1 


x= —4 {236 
lO 


parabola be facing? py — 
That’s less than O. There 


al 
b* - Fae = | - 4(3)13 = _]66 grent avy veal solution 


How many solutions are there? @) 1 2 


How will you solve it? Factoring Quadratic Formula 


Which direction will the 


parabola be facing? Down 


Up 
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exercise solution 


Work on one more, but graph it this time. 





bY - 4ae = (-II)* — 41128 = 9 


x2—1lr + 28=0 How many solutions are there? t) 1 (2) 
(x - Dx - 4) = 0 How will you solve i actoring y Quadratic Formula 
ce x-4=0 Which direction will the 
parabola be facing? Down 
tx-fl=0+7 thtx-f=o+4 Vertex (x) =-b/2a 3S -bOS +18=y 
es Z x=—-Cll) 30.25 -605+28= 
x=7 a x= > 7) Y 
Th } x=/l -1.25=y 
Graph it here 's "means You know two 2 


points, (7, O) and (4, O). 






-10 -9 -8 -7 -6 -5 -4 -3 -2 “1; 
-2 
3 © The vertex 
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quadratic equations 


RS Quadraticcross 


Make sure both sides of your brain balance. Here’s a, 
crossword to get the right side working. 


Eas 


be 


Peeps Weed sale] 








Across Down 
4. A quadratic is centered on the _ 1. The top (or bottom) of a parabola is a 
6. The shape of a quadratic equation is a 2. You can't take a root. 
9. If you can't factor an equation, use the 3. The terms under the root are the 
5. An equation with a squared variable 
10. Breaking a quadratic into two binomials 7. Factoring quadratics is backwards 
8. A quadratic equation has solutions 


—————> Answers on page 376. 


you are here » 373 
Download at WoweBook.Com 


tools for your algebra toolbox 





—7\ Tools for your Algebra Toolbox + 
fi Factoring quadratics: he standard form of a 
| quadratic equation 







' atters. 
Form - of a quadratic, 


[ form 
ation needs to be in standard ; Ox? + by 4 oe 
bi anne You have to have the zero or You Can t use Cen 
Lhe zero product rule and split up the possible solutions: 


ome Cet up the binomials. 


Once the equation is in the proper form, you know you've (x Mx n=O 
going, to need two binomials that start with x. Fill them 
in and you've already got half of the terms donel These need to be multiplied 






x —- 10x -75=0 











together to get 75. 
Find out the other two terms a al ‘ - 
in the binomials. 
The last two terms need te accomplish two things These need to be added (or 
They have to be multiplied together to get the subtracted) to get the x 
term the —lOx. 


constant in the quadratic equation (75). es oa 
dd ther to get the x term (-lOx/. 
i orice (x - 15x +5) =0 


~™ Fill in the signs and check Your work. 


To finish up the factor, Fill in the Signs. They need to be 
multiplied to get the same sign in Front of the constant (75) >_10x-75=0 
and added to get the right x term (-1Ox). Then, expand the i se 
binomials You came up with, using FOIL, and make sure that it 


x + 5x —- 15x -75=0 








matches what you started with, 
gq’ BULLET POINTS 
= Quadratic equations have up to two solutions. = Finding the constant terms for the binomials is the 
= Factoring a quadratic equation means finding the nardeehpaloluecioning a quecrally: 
product of two binomials. = Quadratic equations need to be in standard form before 
you factor. 


= You need to check that your factoring is correct, using 
FOIL, before you solve. 
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quadratic equations 


The quadratic formula 


the dis¢riminant 


eee Using the quadratic formula 


The quadratic formula can be used to 
quadratic equation of the form: 





solve a 


ax t+ bx +e=0 


The disériminant 5? — 4ac: 


The discriminant is a term that used to destribe 
the portion of the quadratic formula that is 
under the radical. Greater than zero, there are 
two real solutions to the quadratic equation. If 
it equals zero, there is one real solution, and if 
it’s less than zero, there are no real solutions to 
the equation. 








Quadrati 
shapes Be on 


zg» BULLET POINTS ———_ 


= The basic shape of a quadratic 
equation is called a parabola. 


= ~The uppermost (or lowest) point of the 
parabola is the vertex. 





= The x- coordinate of the vertex is — a 


Vertex the %-Coordinate A quadratic equation has 0, 1 or 2 real 
or the vertex is solutions. 
2a 
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crossword solution 





KR Quadratiecross Solution 


Ee 
xr isfolelsiy|MiMlelt ely, 
Ea 
a 
v 
GBGO0ORR | 
F 
a ro | 
a | 
BOOWOOROGOORD 
BOORBOREOR 


A nN 
es ee | es 


Le 
Ea 
ie 
a 
M 
ka 
N 
A 
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10 functions 


e a a 
* Everyone has Hats m 
* 


All my friends say he's got 
no range, but at least I'm 
the master of his domain 





Some equations are like suburban neighborhoods... 

...they’re fenced in. 
You'll find that in the real world, many equations are limited. There are only certain values that 
an equation is good for. For instance, you can’t drive a car -5 miles or dig a hole 13 feet up. In 
those cases, you need to set boundaries on your equations. And when it comes to putting 
some limits on your equations, there’s nothing better than a function. A function? What the 


heck is that? Well, turn the page, and find out... through the lens of reality TV. 
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pajama death is back 









Dude, it's time to go big time: bigger venues, 
more fans... But to get to the next level, we 
need $52,375 for new equipment. How are we 
going to make that much money? 







It’s up to YOU to raise cash for Pajama Death. 
After hearing all that you went through to get Paul to their 
concert, Pajama Death figures you’re a real fan... anda 
financial wizard. They need you to take their future to a 
higher cash plane. 
Your first order of business? Figure out how much Pajama 
Death stands to make off the new reality TV show their label 
just signed them up for. Nobody likes to sell out... but some 
new touring gear would sure be sweet.. 


Pajama Death 
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Pajama Death TV 


Here’s the deal: the network wants an 1 1-show deal, and Pajama 
Death gets 5% of the proceeds. That includes advertising revenue, 
plus ticket sales to live tapings each week. The show’s 90 minutes 
each week, and the network guarantees 20 ads per show. 


Ads on TV are one 
source ot 4 Admission to the 


Total . 
Per Pia. tapings make money, too. 
EE 
at 





This is what you 
needite ee out. 15 hour show = 20 ads Tickets are 
How much Cash wl 


Pajama Death make? $100 a seat. 
Ads are $1000 each. x 


The numbey- 
oT seats sold 
Varies Per show 


erp your pencil 
N Write up the equation for the per-show revenue and figure out how much Pajama 


Death will make if they sell 1,515 tickets to the season premiere. 
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modeling the real world 


hry your pencil 

Dx Solution 
i™ The number of ads per show times the cost per ad 

Total revenue R = 1000(20) + |OOx =< _ x is the number. of titkets feo ee haat An equation to model the 


revenue is based on the 






Your job was to figure out the revenue from doing the TV show. 











PJ Death's eut 9% = (O.05)(171,500) = 4515 ~ Petty good for one show! 


Uh oh... there’s a change in venue 


At the last minute, the taping location changed. Now only 1,511 seats are 
available, not 1,515. Sound hokey? In the real world, limits exist all the time. An 
equation on paper doesn’t have limits, but problems in the real world do. 


Our current equation doesn’t say enough about the problem it models. Sure, we 
can solve for R, but there’s nothing to prevent us from accidentally putting in too 
many seats for x... and overestimating what Pajama Death will actually make. 


The equation is valid 


The equation oy L for all x's, too 
valid for all’ A = 20,000 + 100x 


Limits for this equation will come from the x vales, not R. Since R is totally 
dependent upon x, if you limit x, which is the number of tickets, then R will 
also be limited. 


So what do we know about the number of tickets (*)? 


O Worst case? 
The worst case scenario for Pajama Death and ticket sales? Nobody 
comes. That’s zero tickets sold. 


How can we 
@ Best case? turn the these 


Pajama Death sells out all 1,511 seats. If you sell more than that, : 
people are going to be mad because they'll have nowhere to sit... so facts into 
that’s the maximum « value. 


limits for our 
equation? 
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Equations have limits (most of the time) 


The real world is full of limitations like tickets, time available for a TV 
show, the number of songs that Pajama Death can sing before they lose 
their voices... and each of these limits may need to be modeled with math. 


Fortunately, Algebra just happens to have the perfect thing for this 
situation: a function. Among other things, a function can limit certain 
values for its variables. These variables are called inputs in a function. 


For Pajama Death, the limits will be the maximum and minimum number 
of tickets, x, that can be sold. Those limits will make sure that we don’t 
go figuring numbers for more seats than there are, and in turn, limits the 
amount of money that Pajama Death can make in a show. 


A function can be expressed as an equation 


A function is really just a special type of equation, and usually carries 
along some extra information. And since equations can also be functions, 
there needs to be different notations for functions, so we can tell what 
we're dealing with. A function isn’t written in terms of a variable like y, 
but is instead written like this: f(x). 


So we can use the powers of a function to limit the revenue equation for 


E : a : $4.48 1 esn 
Pajama Death, we need to rewrite the equation as a function. To limit = a funttion do 


the number of tickets, we’re looking to work with the x variable, right? 
That means the expression needs to contain x and be set equal to f(x). 
So we can dump R, and rewrite this equation as a function: 


The variable inside the parentheses 
Thisé means “a is the input variable. 
unction of”. 


as f(x) = 20,000 + 100x 


The equals sign means somethin 


cco 
\i\\ ww BARBELL 


! 


functions 


In the Pajama Death equation, 
rewritten as a function, the 
input would be x, the number 


° 


Just 


¢ seats sold. 


like regular variables, 


4 have to 


be £(x), it can be e(d) or 
we But £(x) is the most 


) 
Common funetion you \\ see. 


slightly 
different now, it means ‘is detined by . 


Fill in the limits for the Pajama Death revenue function. 


f(x) = 20,000 + 100x as 
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domains dictate /imits 
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\)\ ~ BARBELL sar_uTiaw 


Fill in the limits for the revenue function. 


This is the worst 
Case — nobody Comes 


f(x) = 20,000 + 100x “so <x< wil 


The show sells out! 


Inpu 
The input limits are the domain of e rable 
the function f(x) 


All functions have a domain, which is the set of valid inputs for 

the function. The group of values which is valid for the function 

is usually written as an inequality. The domain inequality is 

in terms of the input variable, which is the variable inside the 

parentheses of the f(). 

x is valid from O through 
ISI (that’s why You 
needed less than or equal 
to, not just less than) 


So for our function, x is the input, and the domain is all the 
numbers that x can take on: 0 to 1,511. 









For the function: The domain is: Ee 


f(x) = 20,000 + 100x 0 <x< bl 





In general, the domain of a function can be completely 
arbitrary (based on the problem or it’s situation) or 
defined because of the expression itself. How many canta ne 


Dumb Questions 


tickets you can sell is arbitrary, because it’s dictated by 








how many seats are in the arena. It’s not something 


related to the math expression. . 
- What do you mean, limited because of the 
expression itself? 


A: Many mathematical expressions don’t go on forever, 
and are self-limiting. If you have an expression with an 

X denominator, a parabola that only covers part of the 
Cartesian plane, or a place where you may end up with 

a negative square root, the domain is limited due to the 
expression, not necessarily because of the real world 
problem the function models. 


All functions 
have a domain. 
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Only 473 people came to 
the first show. That was lame. 


x is within the domain. 


Only 473? It looks Pajama Death fell a lot short of 
what it was hoping for, at least for the first show. 


Still, we knew that 473 was a possible value, 
because it’s greater than (or equal to) 0 and less 
than (or equal to) 1,511. That’s what the domain 
does: gives us all possible input values. 





harpen your pencil 
How much did the band make for the first show? If the numbers 


stay at 473 for the remaining 10 shows, will they make enough to 
The function for revenue buy the new equipment they want? 
per show is over here. 







Pajama Death needs $57,319 by the 
end of the season, 1O more shows 
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sharpen solution 


harpen your pencil 
Qr Mea tion 






How much did the band make for the first show? If the numbers 
stay at 473 for the remaining 10 shows, will they make enough to 
buy the new equipment they want? 


a 473 is within the 


domain, so it’s ok to use. 















|] — that’s 1O more shows plus 
SOE, oleic ah Did se Owe W lob 4S VE SSE TA SG INS DE oe SE ERTS Kole Tee NO SACO Ow Cees Be a ries ie that alveady happened Peta tate, 






hae of 1O. more shows 

a wat: “the ‘season,’ Rel ge) be ne re ee en ee ee ee ee ee rr rr. ee re 
en “"y ; ae Pajama Death is not going 
737, O19 is way less than 7 92,379 to make enough for the new 


Phage Seat ogsh Toe heden otaetentus dedsty) otideedl St beccetesees redameens teenie ieaat acess so wane i onde aaipreie they need 










What a terrible turnout. 
We're never going to sell out 

stadiums! We can't sell out and 
still not get our gear! That's a 
total zero-input situation. 
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Functions have minimum and maximum outputs 


Function inputs make up the domain, we know that. By limiting the numbers that can 
go into a function, we’re limiting the numbers that can come out of a function. If only 
1,511 tickets can be sold, we can figure out the most that f(x) can equal... and we can do 
the same for the minimum value of the function. These minimum and maximum values 
are the limits for the output of the function. 


The process of determining a function’s outputs is called evaluating the function. So 
every time you plug in x, and solve for f(x), you’re evaluating the function for a certain 
input value. That’s really just like solving the equation, which you’ve done a ton of times. 


So what’s the MAXIMUM we can make? 
What’s the MINIMUM? 


Using the domain as the starting point, we can find the minimum and maximum 
outputs of a function. That’s basically saying, how small and how big can f(x) get? 


f(x) = 20,000 + 100x c. = 4s Jolt 


We tan evaluate the functions at these sea 
to get the minimum and maximum outpu 
THIS function (not all Lunetions). 


Evaluate the revenue function to determine the maximum amount of money that Pajama Death 
can make for the rest of the season. Suppose Pajama Death sold out every remaining show 
after the poor season premiere sales. What would they make over the entire season? 
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outputs are the range 


Evaluate the revenue function to determine the maximum amount of money that Pajama Death 
can make for the rest of the season. Suppose Pajama Death sold out every remaining show 
after the poor season premiere sales. What would they make over the entire season? 


vN he ori inal funetion 
pe po ell Back to the orig 


LUSH) = IMMlO0O <— The way to write this set of input output would That's much more than 
be as an ordered pair (1511, 171100) the $52,375 they need! 
5% of the revenue = (0.05)ITII00) = # 8,555 10(8555) + 3365 = 46915 


we Suppose there are J]O more sold out 
This is how much the band would shows with the one lousy show... 
make for one sold out show. 





All of the valid outputs are called the range 


Just as there is a set of inputs over which the equation is valid (the domain) 
for every function - there is also a range. The range of a function is the set 
of numbers over which there are valid outputs. The range actually provides 
the minimum of the function (the lowest possible output) and the maximum 
(the highest possible output) of the function. 


You write the range like the domain: as an inequality. Also like the domain, 
functions are written with their range so you can know the limits of the 
function’s outputs. And, of course, the range for certain functions will be 
limited because the graph may not cover the entire Cartesian plane. 





The limits of the domain don’t always give you 
the maximum and minimum outputs of a function. 


domain results in the minimum value of the range, and the 

highest value for the domain results in the maximum. That’s 
because we’re dealing with a line that has a positive slope. If the line had 
a negative slope, though, the values would be reversed. If we had a curve, 
the maximum could be in the middle of the domain! 


Wat an ‘ t! In the case of the revenue function, the least value of the 
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Ok, so functions have a domain 
and a range. Is there anything else 
I've got to worry about? This stuff 
seems pretty useful... 


Functions have a very specific definition. 


The thing about functions 1s that they aren’t always 
defined in terms of equations. Functions are even more 
general... 


Functions Way 
Up Close 


What we’ve learned about functions so far are some characteristics of functions: 
domain, range, inputs, and outputs. But what’s a function, really? 






The official definition of a function is: 





A function is (relation) here one input results 





ma single output. t can be represented as an 






equation or as a set of ordered pairs, and has 


both a domain and a range. 










ay Wait. A what? A 


relation? What's that? 
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math has relations 


Algebra is really about relations 


A relation is the general way in which two sets of numbers go together, 
and they are usually represented as ordered pairs. The difference 
between a relation and an equation 1s that there does not need to be a 
pattern in a relation: it can be totally random. A relation does have a 
domain and a range, which you can determine directly from reading the 
ordered pairs. 


Let’s look at a simple relation that’s not based on an equation to get an 
idea of what we’re talking about: 


All you need 


for a relation 
is a set ot 
ordered pairs. 


The domain and range Come from 
reading the points in the relation. 


ae 
This is a velation. The {(4, 1), (4, — 1), (2,0)} Ca. 


eurly braces are the 
eins and the end of 


Range: 
the relation: 


No function 


this is sti » sight, but 


lla relation, 


A function is just a specific type of relation. It’s a relation that has 
one output for one input. That means that the relation above 
is not a function, because for the input 4, there are two possible 


outputs, 1, and -1. aan 
The x value is es Domain: 


P 
and there are two in is 4,1 Asics 2,0 
relation that input is (( ; ) ( ; ) ( ; y 


L ¢ Range: 
There ave two possible outputs 
for the input 4, -I and | 


NOT a function 


-Sum it up ——— 


Relation — A set of ordered pairs 
with a domain and a range. 
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{2,4} =< These are just the 


{— 1,0,1} < possible values that this 


relation can take on. 


(2, 4} 
{— 1,0, 1} 





A bunch of function terminology, in full costume, are playing a 
party game, “Who am |?” They'll give you a clue — you try to 
guess who they are based on what they say. Assume they always 
tell the truth about themselves. Fill in the blanks to the right to 
identify the attendees. 


Tonight’s attendees: 


FUNCTION, DOMAIN, RANGE, RELATION, EQUATION, INPUT, 
OUTPUT, f(X) 


I’m the values that come out of a function. 


| can be an equation or a set of ordered pairs, but either 
way I’m fun! 


| represent minimum and maximum outputs of the function, 
but be careful, you can’t just use the lowest and highest 
inputs to get me! 


| might be a function, but I’m not as organized as an 
equation, I’m just a set of ordered pairs. 


| limit the inputs for the function. 


The easy way to tell if ordered pairs or an equation are a 
function is if you see me around, I’m a dead giveaway. 


| might be a function, or | might not, but | define one or more 
variables in terms of numbers. 


I’m a value that goes into a function. 
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who am! sc 





A bunch of function terminology, in full costume, are playing a 
party game, “Who am |?” They'll give you a clue — you try to 
guess who they are based on what they say. Assume they always 
tell the truth about themselves. Fill in the blanks to the right to 
identify the attendees. 


Tonight’s attendees: 


FUNCTION, DOMAIN, RANGE, RELATION, EQUATION, INPUT, 
OUTPUT, f(X) 


I’m the values that come out of a function. 


| can be an equation or a set of ordered pairs, but either 
way I’m fun! 


| represent minimum and maximum outputs of the function, 
but be careful, you can’t just use the lowest and highest 
inputs to get me! 


| might be a function, but I’m not as organized as an 
equation, |’m just a set of ordered pairs. 


| limit the inputs for the function. 


The easy way to tell if ordered pairs or an equation are a 
function is if you see me around, I’m a dead giveaway. 


| might be a function, or | might not, but | define one or more 
variables in terms of numbers. 


I'm a value that goes into a function. 
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Q: A function doesn’t have to be an 
equation? 


A: Nope. A function can be an equation, 
but it can also be a set of ordered pairs. In 
that case, the ordered pairs are going to 
be (input, output). Ordered pairs probably 
seem weird, but it’s much easier to figure 
out the domain and the range - it’s given! 


And remember, an equation for a line 
defines an infinite set of ordered pairs. 


Q: Are range and domains given, or 
do | have to figure them out? 


A: It depends upon the situation. 
Sometimes the domain or the range will 
be given, sometimes it will be part of the 
problem statement (like ticket sales), and 
sometimes you'll need to figure it out. But 
more about that later. 


Q: One input and one output... 
what’s the big deal about that? 


A: It means that in a function you won't 
get two f(x) values for one x, ever. 


Q: Are all equations functions? 


A: Nope. That’s something that you'll 
need to figure out soon enough, too. If an 
equation has multiple output values for one 
input, it’s not a function. It’s still a perfectly 
good equation, though. 


thereyareno 
Dumb Questions 


Q: The ordered pairs look a lot like 
ordered pairs for graphing. Is that a 
coincidence? 


A: No, you can graph functions just 
like you graph points or equations. We're 
coming up on the details of how it works, 
but graphing helps out a lot with functions. 


Q: Does the one input, one output 
thing mean that you can’t have the 
same f(x) value as an output for 
different inputs? 


* You’re saying, can you have a 
function like this f(x) = {(1,4), (-1,4)}? The 
function can have the same outputs for 
different inputs, that’s fine. You just can’t 
go the other way... so {(1,4), (1,3)} is 
NOT a function. You can’t have different 
outputs for the same input. 


Q: Is the maximum of the function 
the maximum of the range? 


A: Yes. But the tricky thing is you can’t 

necessarily get those values from plugging 
in the low and high values for the domain 

to find the range. 


Q: Why not? 


A: Because if your function has any 
kind of a curve in the middle of your 
domain limits, you may miss a maximum or 
a minimum for the function. 


For example, if the vertex of a parabola 
was between the two points for your 
domain, the maximum range for that 
function would be based on a value 
between your domain’s limits, not at one 
extreme or the other. 
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Q: This function thing has a lot of 
rules... 


A: The definition of a function was 
created by mathematicians, to make sure 
everybody’s consistent with what they’re 
talking about. That’s important so that 
everyone gets the same results. 


Q: Are all functions relations? 


A: Yes. Since functions have a domain 
and a range and represent a set of ordered 
pairs, they’re a relation. 


It doesn’t work the other way, though. A 
relation does not have to have a one 
output to one input requirement, so it isn’t 
necessarily a function. 


Q: Why would you use a relation? 


A: It’s a math way to tie numbers 
together that may not have an easy 
pattern. Think about statistics; if you were 
keeping track of housing data, you'd just 
need an address and a price. It really 
wouldn’t matter what order they were in or 
how much they each cost. 


A function is 
always a relation, 
but relations 

are not always 
functions. 
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im conversation 


IM Chat: Understanding Relations 





I’m totally confused. What does a relation have to do with anything? ] 


Jie were working with functions, and then these things showed up. 
-] ( Not really, they’ve always been there. \ 
Jane rl 
iF think | get relations. They are just any set of | 


ordered pairs. Super general. John 


i 9) me There’s all these rules about what makes up a function, 




















iets but a relation just has to be any set of ordered pairs. 


What about equations? That’s what we’ve 

been doing for ages, and now they’re gone. John 
Se They’re not gone! Remember, an equation is just a way to 
write an infinite number of ordered pairs. They have a pattern. 


A ) Oh! An equation is also a relation, right? 


a be, because it’s a group of ordered pairs. \ 























Kristina 








John 


equations or not? 





J Huh... but what about functions? Are they | 














[ They can be, but they don’t have to be. & 
John 
% The definition of a function is a relation with one output for 
Kristina each input. That’s a set of ordered pairs that follow some rules. 


Same deal as before, though, right? If an equation follows 
those same rules, one input to one output, it’s a function. 





























OK... | think I’m getting it now... 
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Relations, equations, and functions 
all go TOGETHER 


These three terms are just different ways to characterize a group 


of ordered pairs. That’s a lot to keep up with, so let’s take a step 
back and look at all three terms. How do they relate? How are 
they the same? When are they different? 


Relations, linear equations, and functions are all sets of 
ordered pairs. 

An equation is just a set of (x, y) points if you graph it. The same is 
true for functions and relations, although the ordered pairs don’t have 
to connect for functions and relations. 


Relations, linear equations, and functions all have a 
domain and a range. 

The domain is the valid input values, and the range is the valid 
output values. The domain and range may be infinite, but they 
always exist. 


An equation in two variables MUST be a relation and 
MAY be a function. 

Since an equation is a list of an infinite number of points, that 
means all equations are relations. But functions still have that special 
one-input-to-one-output rule, something not required by equations. 
So not all equations are functions. 


A function MUST be a relation and MAY be an equation. 
Functions are very specific. They have to be a set of ordered pairs, 
and that makes them a relation, too. But not all sets of ordered pairs 


fo BRAIN 
PQwek 
Since some functions can be written as an 


equation, how do you think you work with 
functions? Can you graph them and solve them? 


can be expressed as an equation. 
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interview: function exposed 





Head First: Hi function! We’ve been learning 
a lot about you lately. 


Function: Thanks, that’s very flattering. 


Head First: But what everyone wants to hear 
about you, is, how do people work with you? 
Just like a plain equation? 


Function: In some ways, yes. If I happen to 
also be an equation, you can solve me for values 
in the same way you do with an equation. 


Head First: So if we set f(x) = 0 that’s ok? 


Function: Yes. That way you can solve for the 
zeroes of the function. 


Head First: What about graphing? 


Function: Again, if ’'m written as an equation 
with a domain and range, you can graph me in 
the much the same way as you would a regular 
equation. But you have to show the constraints 
on the graph. 


Head First: Oh, I see, so we should only graph 
the values where you’re valid, over your domain, 
for example. 


The Function Exposed 


This week’s interview: 
How do you like to be treated? 


Function: Right. So if my domain goes from 
-1 to 10, then the graph for me should also only 
go from -1 to 10. 


Head First: So really, if you’re written as an 
equation, we can Just treat you the same as 
equations? 


Function: Yes and no. You can, as long as 
whatever you’re doing is within my domain and 
range. Don’t go drawing a graph that goes too 
far, or solving me for values that aren’t in my 
domain. If you do that, it won’t work. 


Head First: So you’re more constrained than 
an equation? 


Function: Yes, but I prefer to call it realistic. 
The world has limits, and so do I. It means 
that with me, you can work with more realistic 
situations. 


Head First: Thanks. Now we have a much 
better idea of how to work with you... 


Constraints on functions allow 
you to be more realistic in the 
way math represents the world. 
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Does that mean we can 
graph a function? 







You can always graph a function. 


Not only that, but you know enough from 
graphing linear equations to know the 
general shape of most functions. You just 
have to show the domain and range on your 
graph in some way. 


7s abate 
\)\) BARBELL 


Find the range for the Pajama Death revenue 
function by graphing the function. 


f(x) 


A(x) = 20,000 + 100x 
0<x< 1Loll 
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brain barbell: solution 


y) BRAWN 
oy BARBELL car_utTiaw 


Find the range for the revenue function by 
reading it off the graph. 







f(x) Stop the line here, at x = I5II with a 


180000 circle at the end to represent a limit. fix) = 20, 000 + 100x 


Ao <%= tl 
1600 Wit ee Ae) = Or + 20000 
140000 Ean bende = 
y = mx ormat. b = 20,000 
ee ee er (ARM con Cre rer. 
m = 100 
dasa! NG ge a ge a 
so Since the stale of the graph 
00) doesn't really work with using 
60000} 200 anne the slope, well need another 
yor” : is Point is a solid ¢ircle point to plot. Try x = 100, it’s 
40000 i cause it’s a limit of the within the domain. 
unction’s domain. 
s000KXo, 20,000) 1100) = 100(100) + 20000... 
x =10000 + 20000 = 30000 


-200 200 ee ee 2000 MEN EE Be pt” isla 
SOs Aik at Ne A a ee ii (100, 30000)....Z..0...0. 


K ge 
This is the possible range of vevenue for the 
funetion, read right off the graph. 


wasn’t perfect. 


Graphs aren’t always super-exact. Focus on 
getting the basic shape, and finding the points 
at the domain limits. 
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Function graphs have LIMITS 


The graph of a function doesn’t look that much different from the graph of an 
equation. You just have to represent the limits of the function on the graph. Even 
marking the endpoints of the domain with filled-in dots is familiar: we did that when 
we graphed inequalities. 


Just think of graphing a function as graphing an equation, with a twist. 


a ee 


© Graph the basic equation on a scale of f(x) vs. x scale. 
Just substitute the f(x) values for y on a typical Cartesian plane, and 
go ahead and graph your function. So you'll usually have an x axis, 


and an f(x) axis. 


© Look at the domain for the function and remove the 
graph outside of the domain. 
Erase, scratch out, don’t graph that part, but remove the pieces that 
don’t matter. 
This is the domain. Just cut the Oo <x < Ill 
graph off before O and after ISIL. 


5 | Draw the termination points. 
When you draw an inequality on the number line, the 
termination points are solid or empty circles, depending upon 
the inequality. Functions are the same way. 


eet CF This indicates that 
Since our ear < & = Tigi a selid point e the graph aaa the 
cs "4 boundary Poin 
ri fee values, we ounda’y 
bene Et < & > Draw an open circle © __ This indi¢ates that the graph goes 
up to the boundary, but does not 
include the boundary point 


(a) Read all the values you need directly off the graph. 
Just like when you graphed a linear equation, now you can get 
any value you need. This includes the range, even when it’s not a 
linear equation. 
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bullet pc 





oS POINTS 


= Graphing functions is similar to 
graphing equations. 


= To show the limits of a function, use 
a solid point for an “or equal to” 
inequality, and an open point for just 
a less than or greater than symbol. 


= The best way to get the range of a 
function is to read it from a graph. 


= = To find the zeros of a function, set 
f(x) equal to 0. 








thereyareno 
b Questions 


pum 


Q: How can | figure out the domain of my function? 


A: It depends upon how the function is presented. If it’s 
given as an equation in a problem, analyze the problem 
situation and see what limits there are. If the function is a set 
of ordered pairs, the domain can be read directly from the 
points presented. 


Q: How do | find the range of my function? 


A: The best, easiest way is to graph the function and 
then read the range points off your graph. Why? Because if 
anything weird happens to the equation (or with the points) 
between the boundaries of the domain, you'll see it. 


Q: Can | just evaluate the function for the upper and 
lower values for the domain and get the range? 


A: Sometimes, but not always. This really only works if you 
have a line with a positive slope. If you have a quadratic, with 
the vertex between the boundary points, that won’t work at all. 


Unless you are positive that you know exactly what is going 
on with an equation or a relation presented, it’s best to graph 
your relation and then determine the range. 


Q: What’s the difference between the range and the 
maximum and minimum values? 


A: Good question. The range is all the f(x) values the 
equation can take on. The maximum and minimum values for 
the function are the boundary values... but just those values. 


Q: How can you tell if an equation is a function? 


A: An equation is a function if and only if for each input 
there is a single output. That means for each x, there is only 
one f(x) value. If you think about it, there’s a way to see it on 
a graph, too... but more on that later. 


The best way to find 


the range ot a function 
is to read it off a graph. 
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E ‘Se The parabolic mics that Pajama Death wants to buy conform to this equation: f(x) = -2x? + 12x - 9. 
Reto The inputs start just above zero, and go through 5. They need to know the range of outputs for the 
mics so they can buy the right PA for their stage rig. 





J0-9 8 6 4a Q a, 


L238 45 6 7 8 9 10 
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exercise solution 





The parabolic mics that Pajama Death wants to buy conform to this equation: f(x) = -2x? + 12x - 


Ne 9. The inputs start just above zero, and go through 5. They need to know the range of outputs 
aes RciSe for the mics so they can buy the right PA for their stage rig. 
QOLUtION 


This negative means the This is one of our ay 


parabola is upside down. domain boundaries: 


ee ee Te f(x), ==, 2x2. +12". - 9 Subst. x = O —2(0)” + 12(0) - 9 


O<x <5 


Since this is a quadratic, Her e’s the other 
are First. Lind the. VOCE TSM oc cecccccsecstecesseesteetes qomain boundary: 


= b = 
oe Subst. x = 5 —2(5)’ + 12(5)-9 









2a 


ee errr mi prneay sie A. Reads atest tne enn erat ny te OU Dee Min eect 


Range: -9< f(x) <9 


This is a case where 
if you had just put 
in the endpoints 
of the domain, You 
en dwt have gotten 
the right range 
Range boundary values: 






This one needs to be 
a closed ¢irele... less 
than or equal to. 


S—-NWAUAN WOO 

















-10°-9 -8 -7 6 -5 23 45 67 8 9 10 





This needs to be an 
open circle, because its 
greater than. 


(O, -9) 
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Just before the second episode 
of Pajama Death TV... 











So is this a general admission 
seating thing? Or do we have to 
worry about assigning seats? 


Assigned seating SHOULD BE like a function! 


Assigned seating is really a lot like a function. There’s an input 
- the seat number - and an output - the customer ID who’s 
sitting in that seat. 


Take a look: 
Input (seat #, s) Output (Customer ID, c) 





Seat 110 —__ 75 


ae ae 
There should be a one- Seat 112 Pe 


to-one mapping here: One Seat 125. © ——— ~~» _ 85 


LE 
eae 2 SINGS Seat 110 = ———_. 40 
customer |), no mor 


Seat 75 i'r 56 


In a function, we can only have one f(x) for every x, and that’s 
what we want here. We don’t want any duplicate f(x) values, 
because that would mean two customer IDs are associated with 
the same seat. Not good! 


BRAIw 
\)\) ~ BARBELL 


Jot down some ideas of how you could check to see if the relation 
between seats (Ss) and customer IDs (ce) a function. 
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Graphing reveals the nature of a relation 


The difference between having the seat assignments right and wrong is 
exactly the same as the difference between a relation and a function. If 
the seating assignments are one input to one output, then everybody has 
somewhere to go... and that’s a function. If not, there are going to be fist 
fights over a relation that should have been a function, but wasn’t! 


Let’s downshift and examine the difference in the graphs of two sets of 


ordered pairs; one that’s just a relation and one that is actually a function. 


Function One *--- Just a relation 





—— to every F(x), 
fx) = {(1,2),(2,5),(—1, — 2)} Perfect. (1,2), (2,5),(1,4)} 


eee ee 
For one % there 


are multiple £(x) 












Two f(x) values for one x... that's like two y 







we we! a 

values for the same x, right? Sort of like a vertical values. So this isn t 
line? Sunetion. 

A vertical line is not a function! 

A function can’t have more than f(x) for any x. That’s 

like saying for a given x value, there can’t be two points 

lined up vertically: 
Function Just a relation 

% 1 (29) 
° 2,5) 5 e 
For this one x value, Is (l, 4) 


there are TWO £(x) 


values... this is NOT 2 
a function. NEP (1,2) 














¢ 5 4 3 2 E| 3 4 5 > 
(-], -2) ¢ You Can move this p The line touches 
line anywhere... wo points-- this 
and it should z ser’t, a Function: 
never touch TWO 7 
Points at one. oe 
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Functions pass the vertical line test 


This whole “looking at the graph” thing is called the vertical line 
test. It’s based on the fact that if you have two points that are vertically 
stacked, anywhere on a graph, then that graph is NOT a function. 


So if a vertical line passes through two points on the graph, it’s NOT a 
function. That’s it. To test a graph, you can use a ruler, your eyeball, or 
run the edge of a piece of paper over the graph to see if it’s a function. 






Are the seat assignments a function? 


G harpen your pencil 
Dy 






Inputs (seat Outputs (Customer 
number, s) number, c) 


Seat 110 75 
“Seat 112 63 
“Seat 125 — 85 
“Seat 110 40 
‘Seat75 «36 































10 20 30 40 50 60 70 80 90 100 110 120 
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sharpen solution 


G harpen your pencil 
IN Solution Are the seat assignments a function? 





Inputs (seat Outputs (Customer 
number, s) number, c) 


Seat 110 75 
‘Seatl12 «63 
| oe a 
_. Seat 110 — : 40 
‘Seat75 «56 


9 (125, 89) 
a 1) 
Seat 110 has been. he fae 
Claimed twiee! 
—_ @ (12, 63) 


‘© (lo, £0). 


This relation didn’t pass the vertical line test at s = IlO. s that’s th | 
= F h 
need to generate ditferent ¢ values. ° alas 
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ml POINTS 


= Agraph allows you to use the 
vertical line test and see if it’s a 
function. 


= Agraph shows the domain of a 
function or relation. 





= Agraph also shows the range of a 


= Agraph can provide the zeroes of an 


function or relation. 


equation or a function. 








thereyareno 
b Questions 


pum 


Q: So, should I always graph a function? 


A: It depends upon what you're after. A graph of a function, 
equation, or relation, is the best way to visually look at the 
situation and it does give you valuable information, but there are 
some limits. 


You are limited to what you can actually read from the graph. If 
there are decimals involved, or the scale of your graph is large, it 
can be difficult to read values. 

Creating a graph takes time. If you are in a test situation and 
you're only after a specific value, then just evaluate the function 
for your specific value, and move on. 


Q: Can you really just treat functions like equations? 


A: It’s a really good starting point. If a function is represented 
as an equation, you can solve for the zeroes of the function, and 
then graph the function. 


The only things to watch are that you limit the graph properly 
(keeping the domain and range in mind) and substitute 0 for f(x). 


Q: Is it always f(x)? Can it be, like, f(t) or something? 


A: Sure! It’s typically f(x), but that’s not required. The format 
is really what you're looking for; it can be r(q) or g(t) too. r(q) 
indicates ris a function of q, for example. The axes on any graph 
will need to be adjusted, but other than that, everything else 
would be the same. 


Q: Functions seem like more work than just equations. 
You’ve got to keep up with domains and ranges. So why are 
they so much better? 


A: Better is a pretty subjective word. The thing is, functions are 
just more realistic in most cases. The real world has limits, and 
with functions you can easily communicate what those limits are 
and see them on a graph. That’s a helpful thing. 
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VIPs mess up the numbers 











What's going on? During the sound check 
we had VIPs showing up with free tickets. 
What's the deal with them? 


The second show is starting, and now there are 
free tickets? How does that change things? 


After running back to check the fine print, there was a clause in 
the contract that you (and Pajama Death) missed! 


Apparently, the network can issue 350 free tickets per show to 
VIPs. It makes the audience look cooler... or so they think. 


What does that mean for 
Pajama Death’s income? 


The FIRST 350 tickets are always free! 


Wow, this complicates things. So now, there are still 1,511 possible 
seats. But for each show, the first 350 seats are given away, no charge 
(and no revenue for Pajama Death). Then, the rest of the seats are 
sold at the normal rate. So we’ve got something like this: 


1511 Seats 


coms 


Per show, how — 
much money will 


they make now? 





ickets are $100 a 
seat, but the first 
50 are FREE 






Still #20, O00 in 


ad revenue 
This is fine — a) 
ne the domain is 


still in terms of %, so the 
function i is too f(x) = 20, 000 + 100x 0 <x < 350 
No matter how mary} For the first 390 seats, there's 








no revenue. e. So this ae 
chanaes, and so does he 
eee output for that domain. 


af there ave flx) = 20,000 

capt tom eo kiekets th nat Doce 

= + a the revenue is jst 0<x< 350 
o ov) 0,0 ; 
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But... what about the REST of the tickets? 


The tickets that are sold after the VIP’s are handled are still $100 a piece. 
That means the equation is almost the same as before... but only after those 
first 350 tickets are gone. 


So that throws in a new wrinkle. Revenue is $100 per ticket, but only for 


tickets 351 and up. We’ve got to account for that: ’ . We have to 
|t w 4 100 * % anymore 
ey the List 250 tickets, since 
This is the those all 90 for free now. 
WM eatin > F(X) = 20,000 + 1002 = 
> f(x) = 20,000 + 100(x — 350) 


This is the ee 
updated equation 30l < x < 1511 


The domain changes, too. This 


So now we’ve got two different functions, each with a separate equation nae pet ony works for 


and domain. So how do we show that mathematically? 


One function, two parts = real life 


These functions can be treated together, as long as you keep track of 
where things are happening. When you have a situation like this, 
where the function needs to have different values over different parts of 
the domain, is called a piecewise defined function. We show this as 
one big function, with different domains, like this: 


in is written next to the 
This bracket means that you have to Each domain is wr 
pate the equations together. * ae equation the domain applies to. 


A 


| 20, 000 Osx = 350 
f(x) = [20,000 + 100(x — 350) 351 < x < 1511 


© this functio b ; 
based on the mt ety 


How do you evaluate a piecewise defined 


function? You can’t figure out Pajama Death’s 
income until you know how to do that... 
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Use the function piece you NEED 


This is another case where it’s pretty important to keep in mind 
what your function represents. In the real world, you have to 
consider an entire situation, and with piecewise functions, the 
domain is the key. Since you have different equations applying to 
different inputs (in this case, x values), you just need to determine 
which equation applies to the situation you’re working on.. 


To evaluate a piecewise function 


What happens if you need to evaluate the function for a number? 
You just see what domain that number falls in, and use the matching 
equation to evaluate for that value. It goes like this: 


O After you have a value to evaluate, 
determine where the value falls in your 
function's domain. 


2] Evaluate only the portion of the function 
that applies to the domain. 
Use the correct equation, evaluate, and use or plot your 
answer. Any other pieces of the function don’t apply! 


Graph piecewise functions just like “normal” functions! 


Graphing is much like it was for regular functions. You just graph the 
equation that applies, over the domain where it applies. So you'll have a 
different section of your graph for each piece of the function... and that’s 
okay. That’s why the function’s called piecewise in the first place. 


The conventions for the points at the end of the domain are the same: solid 
circles and open circles, depending on the type of inequality. 





Qe POINTS 


Piecewise functions are just a series of functions = To evaluate a piecewise function, just determine 
grouped together. the domain that applies and evaluate the portion 


= ~The domains typically don’t overlap. SHS HaCHOn iat ap pis: 


Piecewise functions allow you to express that 


Be lie taping Ties ton Tuncions dont enende: different things are happening at different times. 
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Graph Pajama Death’s revenue function. Show both sections of the domain in one graph to 
ace, see the entire picture of what’s going on. The new graph will show you all the possible revenue 
E RciSe values for each type of ticket sales. 





Then Sraph the second 
adele e Sak t Piete- of the Lane peor Es idaidaherslsdi tolls daalardisteislen oivtaltaidety shidulers sila ta lialdsh dudateaulestatnslaas satdalecleuleastic odealedatealllesiens ass 
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exercise solution 


Graph Pajama Death’s new function. Graph both sections of the domain in one graph to see the 


















Exercise entire picture of what’s going on. The new graph will show you all the possible revenue values 
Solution for each type of ticket sales. We can use the boundary points to graph this one 
This part is just a straight line! because it’s linear — if it was a parabola we d need 
beanie bee Oe ge ey eee ren 
fx) = [20,000 100(x - 390). 351. =F = 1511} £5 = 100680 “15000 = 2000.1, 20100 
£(x) = 20000 + 1OOx - 35000 FSI) = lOOUSII) -15000 = 136100 
Pan aie wpa Sieg tbe Tee eNO eee ee 
f(x) = 10Ox — 15000 a) the expression and 
sastrnaie Sapeialeiee hon teats ath ee Sesote aes eo tatS Se it into an easier format. sia diatovahatdislars wadtajaha ea ldeceavabetaldlare “oosareta ava quate atataiaters exdtarals tsa acenalerelaleratsace ee ats.cc 
I | 
f(x) I I 
O<x< 350% S85) 1c ye [II i a 
180000 
I I 
I I 
160000 ; 
I 
140000 (SII, 136100) i, 
I F his 
I 1 und 
120000 ' 1 iS Soli He 
100000 : 
I I 
I I 
80000 ; ; 
I I 
60000 ; ; 
The first part is the i 
400004 line fx) = 20000. 
I I 
LA (251, 20100) I 
ae Both Fe boundaries are solid points l 
because these are less than or equal to. ; 
600 800 1000 1200 1400 '1600 
I I 
I I 


410 Chapter 10 


Download at WoweBook.Com 


functions 


The numbers are in... and? 


The season has finished up and it’s time to figure out how much Pajama Death cleared. 
You need to go back and re-figure the first show revenue with the VIP tickets in mind, 
and then crunch the rest of the season numbers. 





[re a eo ee eg ee Wg pet oe pe a ee Soe ge em ey (Fs 7 
REVENUE CONSTRUCTION fs 

| i | 
Using the graph for the revenue, fill out the chart to find out if Pajama Death made enough 

| money to go shopping! / 

| Show Number Attendance Total Revenue Pajama Death’s 5% / 

| | AB 

1 

| 3 784 | 

| i a | 


1246 
b 1234 
7 1499 


; i412. 


146] 


Is it enough for the 
new equipment, 
costing $52,375? 


| lo ISII 


l I 1503 


YES NO 
| Total Pajama | 
Death Revenve 
| 


Le lc lc CU Ct—eed 


C 
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revenue construction solution 


| REVENUE CONSTRUCTION SOLUTION 


Using the graph for the revenue, fill out the chart to find out if Pajama Death made enough 
money to go shopping! 


Show Number Attendance Total Revenue Pajama Death’s 9% 


974 82,400 4120 


> 


Ww 
Pa 
fi 

o~ 
roy 

= 
oo 
ie) 
ie) 


5480 


| 

| pete Wi. ee 
| paaoo | HAs 
| 


oI 131,100 6555 


Ss 


| ISI 136,100 6805 Is it enough for the 
lo new equipment at 





52,375? 
| ss | 
iN Vf 
| ; } 54, olo = i 
ont worry if th 
| graph Bees Bear values You read of f the Lal Pajama | 
graph is lav ‘ Y t e€ Same. Sinee the ae thy re venue 
| 9¢ You have to estimate a Dea e | 
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Pajama Death’s show was a hit! 


The show got way more popular and Pajama Death made enough money to 
buy everything they wanted. 


Now they’re going to make that new album and play huge concerts, all 
thanks to you! Now that you helped them understand how much money they 
can make, they might take this music thing seriously! 










Hey, thanks a million. 
Couldn't have done it without 
you, So we wrote you a song. 
It's called... 







co) 
0 O 
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piecewise exercise 


Lon¥ Exercise 


Look at the piecewise function and graph it to determine the range. 






2x2+8x-1 -5<-x«<0 
f@) = x 0<x<3 


x 
3 +9 3<x <8 
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2345 6 7 & 9 10 





you are here » 415 


Download at WoweBook.Com 


long exercise 


Lon Exercise 
Solution 






Look at the piecewise function and graph it to determine the range. 


2x24+8x-1 -5 5 x<0 


f@ =4* O0<x<3 
=3 +5 ie aa 
Sinte the boundaries of the domain are 
ebeshateh vin ctatibennith coe \ckacyaael aah Marais ates has on-the right. and.le£t of the. MOrbE%i .cececccecsesstecsecseesesstsssecneereseneenee 
we'll use them for points k~(_c¢ 9) 
F(x) = 2x + Bx -I cc = 2(-5? + 6(-5) -1 =9 : 





the f(y) 






fe) =@-1b-1=-9 


vertex (-2, -9) 


£(3) = 3 ; 


Came deal with the last piece 
of the function, it’s linear. 


-% 
f(x) 2345 


=3 
(3) 234524 (4) 


epee euee et ey edit aad Stacia hitalaay anne taae ee as eatin 
_@ ho 165 
estes 5 
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functions 










f(y) = Vx + Bx | Ny 


-10-9 -8 7 6 <4 


Just because it’s one function, it doesn’t 


mean that the points all have to matth up. 


verter (-2, —) -10 


Don’t forget this! 
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math crossword 


RS Functioneross 





Across 
6. The definition of a function is one input equals one unique 1. The top of the range is the 





7. An equation is a 
8. A function is a 


9. The limit on the inputs of a function is the 


418 





Get your right brain functioning. It’s your standard 
crossword; all of the solution words are from this chapter. 


ES 


ie a a a 


ia 


i 


Down 


2.A relation is any set of 
3. A function does not have to be, but can be, an 











Chapter 10 





4. The limit on the outputs on a function is the 
5. A way to limit an equation is to write a 
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Tools for your Algebra Toolbox 


This chapter was all about functions. 





¥ a the domain a also 
mn That § 

i bh an env : gin bY 

When presented £ the dow 


wn live 6 
3a nes tH 99S OF as F ind the range of a 
ee et Gcaphin’ may helv- unction/ graph the function. 
he domain 


The best way to 90 about Finding the range is to 
graph. There ave some cases (like linear equations) 
where you ¢an easily tell what the range will be — 
but typically graphing is the way to go. Once you 
know the domain, it’s just a matter of cutting 
off the graph and interpreting what's left. 


Colve for the zeroes of the 


union. 


You already know how to do that! Simply ne 

£(4)=0 and solve the remaining tesa 

x. [t's exactly the same vules as when ra - 

with equations) inverse operations, oe om 
yadratic equation, the whole thing, e ee 

: the value Lor x that makes the function true: 


£ you have a graph and you Can vead the value Evaluate the ito ie 
ne £(x) = O, You tan even read i straight 


1 














This just means that You are given an input and they 
ee ae are looking for the output. The hardest part about 
ia a, this question is understanding what it’s asking! 


Working with piecewise functions. 


Piecewise functions are just different functions . 
grouped together that apply over different parts 
the domain. The important thing to remember is to 
work with each piece separately: 
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a 





math crossword solution 


KB Functioncross Solution 





ca 
Z| <|><|— | 3/5 


——— 
=| 
N 
ej 
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11 real-world algebra 
+  * * 
Solve the world's problems + 
* 












So I factored in how 
much you loved me, solved for the price of 
this car, and you're right... you're definitely 
the man for me. Let's get commutative! 


The world's got big problems... you've got big answers. 
Hundreds of pages of math, and what do you really have? A bunch of x's and y's, 


a's and b's? Nope... you've got skills to solve for an unknown, even in the most 
difficult situations. So what's that good for? Well, in this chapter, it's all about the 
real world: you're going to use your Algebra skills to solve some real problems. 
By the time you're done, you'll have won friends, influenced people, and saved 
yourself a whole bucket full of cash. Interested? Let's get started. 
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buying a car with algebra 






I've got some money saved up, and 
I'm going to get a great job when I 
graduate in 9 months. I definitely need 
some wheels... I just need a good loan and 
some financing terms I can handle. 










Financing? My friend, you've come 
to the right place. Now look what can I do 
to get you in this car, today? I've got no- 
interest, low-interest, long-term... you name 

it, we can make it happen. Budget? No worries, 
we'll get you way more car than you thought 
you could afford. 









d—-tar 
salesman? Better wateh out 
for this 9vY--- 


Wow, Gan you say use 


The obi 4 ) 
njee of Max 
auto-at fection, a : 
25,000 sports tar. 





real-world algebra 


harpen your pencil , 
Max has a lot to think about to get into the car of his dreams. Here 


aN : it 
are just a few of the pieces of paperwork Max has to consider... write 
down a few details to get Max started. 





VEHICLE DESCRIPTION 


FORMULAS 


VIN THFACALG4UISCOOL 


PRICE INFORMATION 


RE INCLUDED AT No EXTRA CHARGE 
HICLE SHOWN AT RIGHT: STANDARD VEHICLE PRICE 


+ TINTED GLass Su 
: flBCTRONIC AM/FM STEREO RADIO RO 


$18540.00 
IPMENT 





WITH C 
+ LEATHER-WRAPPED STRG.WHEEL 
+ POWER WINDOWS 
+ INTERVAL WINDSHIELD WIPERS 
ION 


> FSD 
fo} 
Be 


+ FULL INSTRUMENTAT, 
- TACHOMETER 

~ TEMPERATURE GUAGE 
aA RY VO ETER 


Ist National Savings S 


E- 


‘al 
Sa 


SEAT SPRAY 


TOTAL VEHICLE & OPTIONS 28230. 
DESTINATION AND DELIVERY 572000 


AUTO LOAN APPLICATION TOTAL BEFORE DISCOUNTS 28670.00. 


PED WITH A 
STEM (SRS 
e at the dealer, 


f Vi . 
Length of TH" Ist National Savings 


CHECKING ACCOUNT STATEMENT 
1234 SQL St. PO Box 1000 H 


$3670.00 
Dataville DV 26849 PAGE: 1 of 1 


z . ar 2009 nt Period Account No. 
9 months to go! yippee! ae 2009-03-31 00004-323-3477-8 
March 2009 : 


’ s 


THDRAWALS DEPOSITS BALANCE 
$7,267.00 
$7,164.00 
$7,104.00 


cs iin 


$7,300.00 
$7,300.00 
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nts 





WF 
yl 





what goes into a car pay 
arpen your pencil 


SN Solution Your job was to write down some of the things Max has to think 
about when it comes to buying a car. Here's what we wrote down... 








IM Chat: Car Payments 


There are a lot of things that go into buying a car, but most 
of these depend on how much the car costs, right? 
a Yeah, and that’s going to depend on how much of a down payment 
Max can put together. Most dealerships require at least $1000. Cl 


Kristina 
And don't forget that Max has 9 months of school left before he even gets a job! 
, John 
Hmm, that’s tough. Since he doesn’t have a job, his down 
payment and monthly payments have to come from savings. 


That’s right. Ok, so his savings has to be 9 months times whatever his monthly 

payment is, plus his down payment. We can write that as an equation like this: 
savings = down payment + 9 (monthly payment) 

Then we just solve for the monthly payment 



































Well, it’s tricker than that. The dealership says we have to have at least $1000 down, 


Buen and the payments obviously can’t be negative. So it’s not just a simple equation. 





Hmm... if we need to limit the values that work, we need 


a to use a function, right? 
[ Yeah. We have to write this as a function and limit the domain and range. & 


Kristina 

















J oh wait! If we have it as a function, then we can graph it, right? i 











[ Yue! And that will show us down payments versus monthly payments. 





ey 


That'll be really helpful. Let’s do it... 
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real-world alc 


harpen your pencil 


N Write Max’s equation as a function, find the domain and the range, and graph it. 
Suppose Max has $7300 saved. How much can he afford per month for a car? 
# 7,300 Call this d(m). Call this m. 


Sines balance = down payment + 9(montly ne 





-50 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 
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sharpen solution 


harpen your pencil 


Solution Write Max's equation as a function, find the domain and the range, and graph it. 
Using that information, how much can he afford per month for this car? 


# 7,300 Call this d(m). Call this m. 


<r balance = down payment + 9(montly nee 
7300 = dlm) + Um) — We want dim) in terms of months, so let’s isolate d(m) 


tould also subtr : 
-I(= dlm)) = (-7T300 + Um) I te tek d(m) by itself. Either approach 


Multiply ae : ‘ Mi sacs atactysha let atta uence GA Ne SR AR ote credit otel iy st i iy wip’ to: You sebaat gan We te beep die oaeniktesd cinerea daseeinian ease eeyere 
make d(m) positive. dlm) = 7300 — 4m 


in: ee aN : 1000 < dlm) < 7300 
Domain: OS: ie te os n he iiontly padindnd Range ee = = Le tee h\ at 


be O o- move. 


ill have 
th er boundary, the most that Max wi 
ee 7200_- ¢ 1000, the minimum down payment. 
So that’s #6300. Take that and divide over q months, DN ihn odie oe eaves cadena aleve sud Deonctos Meee eenns bees 


his maximum monthly payment is $1700/ month. 


7500 





7000 


iat does this 9raph really mean? 
t Showing that the higher the . 

own Payment, the smaller the 
available monthly payment. 













6500 

6000 

5500: 
~ 5000: 
~~ 4500 | 
If Max puts {1000 down, that 
means that he'll have $100 a 


month available for payments. And 
that will max out how much he can 


spend on a Car. 


This is the biggest : se, 
possible monthly 
payment, for Max ey | 

: om 


50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 


4000 
3500 
3000 
2500 
2000 
1500 
1000 

500 


-50 
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real-world < 





IM Chat: Principle and Interest 





es Nice! So $700 a month for payments. We can work with that. ) 











Oh, wait. We forgot about car insurance. He’s required to have that. | made a 
few calls. We should assume $150 a month. If we subtract $150 a month from his 
$700 payment, that means he can actually afford $550 a month in payments. [2 


That's still pretty good. Hello, new wheels. 
Kristina 


Whoa, hang on. We haven't talked about interest yet. We know 
what Max can pay each month, but not all that money goes to his 
car... he's got to pay a bank interest to borrow money. 




















That’s right. Banks charge interest on the principle—how much 
you borrow. So Max can pay $550 a month, but it's not all actually 
paying for his car, right? 











Right, so $550 is spread out over interest and the principle. We 
Kristina need to figure out what kind of loan he can work with. Some of these 
questionable dealers are charging ridiculous interest rates. 








So we need to worry about that loan. The total loan is going to be the 
principle he borrows plus the interest they charge him. Something like this: 


J) principle + interest = total loan 
mr 


Ok, and from Max’s perspective, he needs to pay it off by the monthly 
payments times the number of payments he’s going to make, like this: 
total loan = monthly payment x number of payments 











Kristina 








Oy BRAw 
\i\wY BARBELL 


Combine the two equations from the guys' IM chat to get one 
equation that allows us to solve for Max's monthly payment. 
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accounting for inierest 


BRAIN 
oy“ BARBELL SOLUTION 


Combine the two equations form the guys' IM chat on page 427 to get 
one equation that allows you to solve for Max's monthly payment. 


Equation I. Equation 2 
Principle + Interest = Total Loan Total Loan = Monthly Payments * Number of Payments 
* “S Principle + Interest = Monthly Payments * Number of Payments 

en Ke eee eee is ee on il ice ah ON! AL Cn eC ae 

onl esusl (Pringle + Interest) = Monthly | 
side of equation | equa ¢ ) payment x Now we just need to; 
ks the right side of Number of payments ae the mon hly Payment isolate 
equation 2everesrsseessersnsetensetenerensereneeenserenstenssrenerenrernerenuersctenetenmnnn ae beeen igpecnseresserccrenecsn tet 





(Principle + Interest) _ Monthly 4 This is what we want... 


Number of payments payment Max's monthly payment: 






Ok, that's great. But how much 
is my interest? My bank sent me to 
this website, but I don't know what 
any of this really means... 











Ist National Savings 






1st National Bank Home > 1st NB Rates > Consumer Loan Rates 





New Car Loan Products 





New Vehicles UFSS=Yo AV(=lal(el(=13 Hybrid Vehicles Leisure Vehicles 


eal 3 Years 4 years 5 years 
Term 













Max's dream car costs $25,000. 





(Principle + Interest) _ Monthly 
Number O payments payment 
VA 


We can fill in the things we know and then 
Remember, the car 


tosts 725,000, but 


solve for the rest. We know that Max can 










afford $550 in a monthly payment, and that 


eyed 

#24,000 tec the principle of the car he wants is $24,000. < Max is putting 71000 
Determined by the term 7720 max With interest rates and terms, we should be down. So that leaves 
of the loan Max chooses able to fill in the rest of that equation, too. 724,000 to borrow. 
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real-world algebra 


Calculate interest from your interest rate 
and the principle amount you're borrowing 


We know what terms the bank offers: 3 years (36 months), 4 years (48 months), 
and 5 years (60 months). And we know the interest rates from each of those 
terms. What we need for our equation, though, is the amount of interest. So 
how can we get that? 


Well, you can Google "simple interest," but we've done that for you. Here's an 
equation to give you the interest based on a term and principle: 


Int 
| means total 94 f wera tes as 


I You look up a simple int The number of 
equation, if, atest Ton, =(r> B)n< Cin cr ot Payments 
aos Ni Find an ee Oe ( 0) YEARS, not months) 
This means simple interest — ters ) Initial amount borrowed, 
also Compound interest, but you don t the principle 
need to worry about that here. 


The bank offers three different terms, and the interest will be different for each 
term. So we need to figure out the total interest for each term, and then plug that 
back into our original equation to get Max's monthly payment: 


, i. 


Principle+ Int t 
= (r 7 B,)n (Principle+ Interest) Monthly ¥& 


Number of payments payment 


herp your penci) 
IN Figure out the interest for the first option: 3 years at 3.0% interest. 


Wateh that Your numbers are in the right form 
Ts oe ( ye B) n (decimal form of the percent). eae 
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recalculate the payments 


herp your pencil 
Dx Solution 
3.0% is 0.03 in decimal form. 


Liny = (7+ Bo)n_~ YEARS, 
Timp = (0.03 24000) 3 gi 


Stage 6 Fhe 04 Sa Anite: 15,000 ~ 1000 down payment 











Now SUBSTITUTE to figure out Max's monthly payment 


Now that we know the total amount of interest in the first option, we can 
figure out the monthly payment for Max's dream car on a 3-year term: 


Now we know this 





(Principle+ Interest) _ Monthly * 
Number of payments payment 





This is the number of months: 3 
years times |2. months a year. 





This is the amount of total 
interest fom earlier. —— gy 
(24,000 + 2, 160) 
3-12 
This is the monthly 
payment for option I: 













T can't afford that! What 
about the longer terms? I 
really want that car! 
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Figure out the interest for the first option: 3 years at 3.0% interest. 


Remember, this 


We should be able to 
Figure this out now: 


; ———— This is what Max 
= 726.67 > 7990 tan afford 





real-world a 


Figure out if Max can afford either of the other two loan options, 
the 4-year term or the 5-year term. 


G harpen your pencil 
Dy 





Option #2: 4 years at 3.5% interest 
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Sharpen solution 
harpen your pencil 
vt Solution 


Option #2: 4 years at 3.5% interest 






Your job was to figure out if Max can afford a 4-year or 5-year 
loan term. 





Substitution back into the 
equation that you ¢reated earlier 

























(24,000 + 3, 360) 
| = ( B ) i a ee 
imp = (WB, Watch the decimal here. ten 


ap 7 (0.038 * 240004 #510 > 7550 
res RRO Ee St ea tata a a fae ne er Ta Rue on 
Pe = (@40)4 Max. Here’s hoping that the next one works! 






This is the total interest to be 
paid over the life of the loan 






Option #3: 5 years at 4.0% interest 
(24,000 + 4, 800) 
———— = $80 
5°12. 







lis = (0.04 * 24000)5 #480 < 7550 


= (9b0)5 
re Sen Lian Be desra tes peated nak Meeps aie OD atabelt ¢ eithed ag tasowie shee kote ew Se ees a Clond his.¢ar. if he takes U 
longest loan. 
left over each mon h. 












What is the real price of the car when you include interest for the different loans? 


I I 
I I 
I I 
I I 
I 
What if Max could make a larger down payment? What if he waited until closer i 
to graduation so he could pay more per month when he gets his job? 
] ] 
I I 
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there are no 3 
b Questions 


Q: Why is the interest equation so complicated? 


A: The equation that we’re using for interest is a standard 
equation for figuring out simple interest. It's actually not that 
complicated, although the unusual letters and terms do make it look a 
bit trickier at first glance. 


Q: How does that interest equation really work? 


A: This equation: Lsinp = (7 * By)m 

is actually fairly simple. It states that the total interest of the loan is 
the interest rate times the amount borrowed, multiplied by the time 
the money is borrowed over. 


The lesson here? Two things really drive up the cost of a loan: how 
much your interest rate is, and how long you borrow the money for. 


real-world algebra 


Q: When | figured out the interest, it was more for the five 
year loan, but the monthly payment was lower. Why is that? 


A: With the way the loan works, the time factor is a bigger 
influence than the interest rate. Adding a year onto the loan adds 12 
more payments. So there's a lot more interest, but it's spread out 
over 12 extra months. The end result is a smaller monthly payment. 
It’s worth noting in the long term, a longer loan will make the car cost 
quite a bit more. A shorter loan would mean less interest and would 
cost Max less overall. Shorter is better, if you can afford it. 





al POINTS 


In the real world, equations often 
need to be limited and turned into 
functions. 


= Calculating interest is just solving an 
equation for an unknown. 















I can afford the five 
year loan. That's awesome! 
Now I can buy the car! 


= = The interest equation states that the 
length of a loan and the interest 
rate affect the monthly payment. 


= Car insurance is a constant, not a 
variable. It's a fixed amount. 
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mind the gap 


Max doesn’t own that car just yet... 


Max is ready to go. He can afford a $1,000 down payment, and the 
monthly payments on a $24,000 loan if he pays the loan back over five 
years at an interest rate of 4%. He can even still cover insurance! 


But now there's something else to consider... 











Going with bank financing over my terms? 
Whatever. But, buddy, what about gap 
insurance? You need that, you know? Oh man, you 
never heard of gap insurance? You don't want 
your lovely new car to look like this, right? 
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real-world alc 





IM Chat: Cars Depreciate 





This guy gives me the heebee-jeebees. What's this 
gap insurance he’s talking about? 








Well, you know how cars depreciate right away? The 
problem is that cars depreciate really quickly at the 


beginning and end up being worth less than you owe. [2 


_J Wow, seriously? So Max could end up owing the bank more money? B Kristina 




















Well, Max won't really end up owing more, his car is just worth a lot less. 
It works like this: say he borrows the $28,800 that he needs to buy the car 


($24,000 plus interest). Well, as soon as he drives off the lot, the car is 
worth about $20,000 because of depreciation. 


John 








So if he’s in an accident on his way home from the dealer, 
then he gets $20,000 back from the insurance company, since 


that’s what his car’s worth. But he'll still owe the bank the entire 
[:' $28,800? That seems pretty unfair... 
mY 


Kristina ren he’d still owe the bank $8,800 and 








not have a car anymore? 











Exactly. So, what this "salesman" is trying to sell is 
called gap insurance. It covers the gap between what a 
[2 car is worth and what is still owed to the bank. 


Kristina Gf that's one more thing to pay for, isn't 
i 


it? Can Max even afford that? Is it worth it? 


We'll need to run some numbers to figure it out... 
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calculate what the car is worth 


! 
’ bark #24000 
k statement for his Max owes the ¥é 
Sapose Ma a hat lok he olus $4,00 iw interest 


tar... this migh 


Bank Balance 


2008 Car - current 
depreciated value 





Max's ear is worth onk 

$s 

120,000 once he drives it 
the lot. 


Depreciation is a sad fact of life 


Things get old fast... especially cars. Tires, brakes, fluids, and wear on 
the engine happen every mile that you drive. That’s why used cars are 
less expensive than new cars. 


Depreciation is the term that is used to describe exactly how much 
value a car has lost. The depreciated value is the value of the car 
minus the depreciation. In other words, it's what the car is worth at a 


; nea al 
particular moment in time. di wecewise Lunetion’ 
: : eas suet that means? Cheek 
Unfortunately, cars lose about 20% of their value as soon as you drive Forgot by details. 


back in Chapter 10 for 


them off the lot. Then they lose their remaining value over about 10 
years, at which point they’re basically worthless. 


But the bank still gets their money 


The value of the car, then, is actually dropping faster than you're 

paying the bank. So there's a gap between what you owe the bank, and 

what your car is worth: 

There’s a gap... the 
ifference beac 

Car’s value and wi 

owe the bank. 


€n Your 


hat You 


Your Amount owed 


a down at 9 






ixed rate as 
you pay the bank full 
eath month. cn Your car is usually 


worth less than 
you actually owes 
though. 
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real-world algebra 


You need to figure out some functions to model the gap. Write a function for Max’s loan balance, 
and the piecewise function for depreciation. Don’t forget your domains! 


Exercise 
These functions should both be 
v(t), values related to time. 


Loan Balance: 


Domain: 


Assume the car depreciates 
evenly over 1O years... except tor 


that first 20% drop. 


Depreciated Car Value: 
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exercise solution 


You need to figure out some functions to model the gap. Write a function for Max’s loan balance, 

ie and the piecewise function for depreciation. Don’t forget your domains! 

percise 

SOLUtION This means loan value 
asa function of time 


Use minus because each payment is 
lowering what You owe. 


) ¢ £80 a month, times t, the 
Loan Balance: v(t) = 28800 = FBO imber of months. 


buys his car, and goes for £0 months (five 
years), the term of his loan. 
Piece one of The initial value 


ee. ere \ less the depretistion th of the initial 


Depreciated Car Value: ee v(t) = 25000 — 0.2(25000)t 4£— tar value, times +. 


This is only true 
v(t) = 25000 — 5000+ Oste<! — Lox the first month, 


Piece two of | First, ik out what the car is 
te 


the function 5, worth after the initial drop. ~\= 26000 - 0.2(25000) = 20000 


The new initial value ~-& ol 
—> wt) = 20000 - — (20000)+t 





S : 
Put it all together, and here is the total gap situation: y Boe ee ative ae ens 
nale 


exactly the same way. 
v(t) = (20000 - 5000t O = t= 1) 
~ '20000 - 166 1<t < 60 It’s a system of 


ctions 
v(t) = 28800 — 480t 0 < t < 60 “equations! Fun 


hae technically equati 
re unctions, So it’s as 
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real-world algebra 

















Hey, that's just a system of equations. 
If we graph them, we'll "see" the gap, and we 
can solve for where the gap stops. 






Graph both functions to "see" the gap.We got you started by 
graphing the first part of the depreciation graph. 


25000 — 5000f O<t<1 
20000 —- 166f 1<t< 60 





Depretiation v(t) ={ 


Loan Balance —7 v(t) = 28800 — 480t 0 < t < 60 


Heve’s piece | of the 
depreciation function. : 
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graph it solution 





GRAPH IT! 

SOLUTION 
Your job was to graph the system of equations representing the 
gap. What did you come up with? 


(~~ 25000 — 5000f O<t<1 


Depretiation »() = looq99 — 166¢ 1<t < 60 
Lo, 
an Balance. ———7 v(t) = 28800 — 480t 


i) a 


ne ee ee ne 
: : , This intersection Point is ee 
, Max's ear is worth exactly as 
: much as he owes the bank. 


This is the gap! The ia. : : : 
: tiation 
between these two lines is what”? Ne. Depre iati 


aaeie Max mould ae at an oer : ( .: : hae 4 : ae _ a Shadi “ 


From und 18 months : 
ard, Max's car is wor 

fev na than he owes the bank. 

No surance problems here: 


10 15 20 25 ,30 35 40 45 50 55 


Max has a gap to worry about for over 29 months. 
That’s 2 1/2 years! Better drive carefully, Max... 
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real-world algebra 








Hey, enough with the fancy numbers. 
You know I wouldn't steer you wrong. Let 

me just get you to sign right here next to 
Option 2, and you won't have to worry your 
pretty head about this gap business... 















emiums 
e - Terms and Pr 
Gap Insurance eee 


rance will cover any gap th 


This msu : 
cident. 


the time of an ac 
Option #1 


th 
18 months of coverage @ $20 per mon 





Option #2 


th 
3 years of coverage @ 60 per mon 


What should Max do? Should he buy gap 


insurance? If so, which option is better? 
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pick the right coverage 


You don't need to GUESS with Algebra 


Max definitely needs some type of gap insurance to cover him while 
his car is worth less than he owes. But which option? | or 2? 





Between the graph, the functions, and your mad Algebra skills, 

you can figure this out. You need to determine Max’s maximum 
potential risk at any time, and how much the different gap insurance 
options cost. You also need to think about his monthly budget and 
the overall cost of each gap insurance option. 


Gap Insurance = 


This insurance will cover a 
the time of an accident. 





Terms and Premiums 
ny gap that exists at 






Option #1 


18 months of coverage @ $20 per month 






.. but remember to keep the context of 
the problem in mind 


First, we need to know how much Max can afford in 
additional premiums on top of his car payment and 
existing insurance. But that's not the only thing Max 
needs to worry about. 


Option #2 






3 years of coverage @ $60 per month 


Here’s what we need to do: 


© Figure out what Max can afford. 
Determine Max's leftover balance from his initial purchase and 
make sure he can afford either premium for gap insurance. 


@ Evaluate Option #1. 
Figure out the worst case gap over the first 18 months (that’s Max’s 
risk), and the total premium that he’ll pay for this option's coverage. 


© Evaluate option #2. 
Figure out the worst case between 18 months and 3 years (that’s 
the additional risk that would be covered with option 2), and the 
total in premiums he’d pay over three years for option 2. 


@ Pick the wisest option. 
Using the new information and the graph of the gap, what’s the 
smart plan? Which option should Max choose? 
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real-world a 





G harpen your pencil 
IN 


Use this space to figure out Max's gap problem. 





Figure out what Max can afford, 
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sharpen solution 


chrpn your pencil 
IN Solution Your job was to choose the smartest insurance for Max. 


(24,000 + 4, ¢00) 
eee 





© Find out what Max can afford. 


einai adieu nner cadeouiten. oe on. RADE. . TR iad eh etnnieia ea dre ote Wane Wa Pics 
picking a loan. 










takes the longest 


a and hav {70 Dover. 









© Evaluate option #2. 
Months Monthly Premium 


The overall maximum risk is still 


—_ $ 
Avenel Premiums paid = 3660) = {2160 S~ 13) option 2 premivms $8000 in the Liveh o., oneal 
; ut the maximum risk not eee 
The premium is £0 a month, so Max can afford that, too. by option | is i2000, around 
ee i i acy month TE ov | a ee aa 


4 | Pick! Option #2. is not worth it! Max would have to pay over fl440 extra (option 2. cost — option | 
cost) to cover an additional visk of 72000. So his extra premiums end up only potentially saving 
him #600! Better to take option | and drive carefully around month 19 and 20! 
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real-world algebra 









This intersection point he wh es 
Max's Car is worth exactly as 
f_iieueh as he owes the bank. ences Serene me 


Depreciation : 






: onward, 
rairenes “more than 


No insurance problems here: | 







25 35 45.50 55 


¢ 30 40 60 
aaa anand Max has a 9aP to worry about for over 29 months. 
Option #1 That’s 2 1/2 years! Better drive carefully, Max... 
Option 42. 
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take a victory lap 


Max plans to pay you to be his 
financial planner 


Max 1s thrilled you saved him so much money and still managed 
to get him into the car of his dreams. He's even promised to keep 
using you for all his financial decisions.... and tell his friends! 


To get here, you used a lot of advanced Algebra skills: 


Expressing equations in terms of variables 
Using functions with domain and range restrictions 


Graphing functions and reading results 


Solving systems of equations and functions 






I'm out of here in my new car! I'm protected 
from an early accident, and I can make my 
payments, no problem. You totally rule! 









Hey, we want our turn. What do you charge? 


Open for business! 


Since your success with Max, there's a 
whole line of people just waiting to pay 
you for financial advice. Better open an 
office... and use some Algebra to plan 
your own financial future! 
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real-world algebra 


Wrapupeross 


You did it, you made it through the whole book! But 
don't relax just yet, there's a crossword to do first... 





ba ia 
a RE 
i i 


a i eel 





Across Down 

3. Legal inputs to a function are the function's 1.Using more than one function with the same variable is 

6. A car loses its value when it leaves the dealer because of solving a of functions. 

7. The legal outputs from a function is the 2. To use Algebra to solve real world problems you need to look 

8. You should always drive for 

9. Always evaluate the solution in the of the 4. Represents a comparison between values rather than 
problem. equality 


5. The difference between what a vehicle is worth and how 
much is still owed on a loan. 
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wrapupcross solution 


RS Wrapupeross Solution 


3 
VO oman 
x G 


iN a? 
Pole TP IRIE eli Alt} AO IN 
Me ° an ? a we 


i aaAust 

+ 

ee | De 

PAN EAE 
Y 
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Yes, Just five. 


ouve leg 


mue rned so 
appendix ik leftovers ea ea h already... 


The Top Five Things 
i _ (we didn't cover! + 












Even after eating all of 
this, we're going to have 
some left. 


You’ve learned a lot in this book, but Algebra has 
even more to offer. Don’t worry, we’re almost done! Before we go, 


there are a just few gaps we want to fill in. Then you'll be onto Algebra 2, 
and that’s a whole additional book... 
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negative exponents 


#] Negative Exponents 


We touched on them in chapter 3, but as a quick refresher, here’s what a negative 
exponent looks like: 


Combine that rule with multiplying exponential terms, and you can divide exponential 
terms too, like this: 


What’s going on here? It’s really a matter of cancelling things out... here’s a simple 
example, where you can see the cancelling in action: 





Gere >) | 
os 7 ao. 7 ee 


4 
exponent 2 


Sinee both approaches are both 
valid, the answers ave the same. 


2 ae ake 2 fae 
ying Oe Ande Sp = DP 


exponen’! 


A negative exponent means that you divide one by the exponential term, with its exponent stripped 
of its negative sign. Negative exponents are a great way to get rid of fractions. Any fraction can be 
rewritten as a negative exponent, and you can work with it the same way you would work with any 
other exponent. 


: Take this 
N e g ative exponential 
term... 
exponents % 
P In general: Rags 
mean you can X Cas a 


denominator, 

get rid of NS ale the 
' negative sign, 
fractions. 
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leftovers 


Working with negative exponents 


The only difference in working with negative exponential terms 
and regular exponential terms is keeping track of the sign. 


These are the exponent rules a 


that are in Chapter 4. Take this one for example... 





a ™~ 
a,-b — _at(-b) It’s the same 
—%* ae 
thing, just 
watching, the signs! 


Just do the same thing for any other operation 
as it comes up. 


Negative exponents also give you flexibility 


If you come across an exponential term in a denominator, you can write it as a negative exponent and 
remove the fraction. Then you can manipulate the equation the way you want to. 


For example: 6 


5 + eae) = 5 + 6x-2(x3) 


t These are exactly 


the same expression. 
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table of values 


#Z Table of values for graphing 


We mentioned them a couple of times, and even showed one, but what exactly is 
a table of values? 


A table of values 1s a table that is set up with both of the variables that are 
in an equation and allows you to easily keep track of the results for different 
substitutions. It’s another way to keep track of points for graphing. For lines, it’s 
not typically necessary because you only need two points, but for other shapes... 


This is from chapter 9. This table 
shows the equation, the x values, and 
the resulting h values. 


OG as i |b) 
————— 











Sinee the 
equation is 














__ qadratie, it’]] 
100 € a parabola. 
ras iris a\ | 
hese values a d | 
Fill in the ae 8 \| _(g)> + 10(8) + 79 1 
iia 7 “(loy? + lollo) + 7% 16 
10 || 
[car 10e)+ 5 at ois 
(0) + 1olo) + 79 6 
() 80> 
40} 


x 
pa ee FOr LF eee eel eee 
-20-18-16-14-12-10 8 6-4 2 | 2 4 6 8 10 12 14\6 18 20 

20 


-40 
60+ 
-80 


| -100 \ 
You can set one of these up for any equation you’re graphing, if : : 


you think it will help you keep track of what’s going on. -x + 10x +19 =h 
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#3 Absolute value equations 


You’ve learned a lot about how to manipulate and solve equations, but we didn’t get to cover 
how you handle an equation when there’s an absolute value in there. 


You know how to handle the absolute value of a number, but what if you have a variable 


inside the absolute value signs that you want to isolate? When you have an equation with an 
absolute value, even though there is only one unknown, there are two solutions. 





T7=N-|x| 
mr oOK 
els 
is must be true because 
ere the number of it's 7=|x| 


sign with the absolute valve x=Torx=-7 


What happens if there’s more than one term inside the absolute value signs? If that 


happens, you have to treat the whole quantity inside the absolute value as an unknown, 
and isolate it before you can do anything else. 


You have to treat as gates 


“ + 3” part as an |x+3|/%=042 
unknown and isolate it. | x43 | a9 


Now this is where it gets weird. Remember the absolute value signs mean that the absolute 
value of whatever is in between them is equal to 2. That means whatever is inside those 


bars could be 2 or -2! 
naan, 


x4+3=2 oe ea 
x4+3=2-3 x+3=-2-3 
aos or x=- 


To remove an absolute value, you need to isolate it, 
and then solve whatever's left using an option for 
both signs. It means you have to solve it twice. 
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leftovers 


453 


less calculator, 


#4 Calculators 


Generally, the work in this book can be completed by hand (if you have enough paper). If you 
used a calculator, it didn’t need to be anything past a basic calculator with exponents. 


There are a lot of calculators out there that can graph, solve equations, and plug and chug the 
quadratic formula for you. For now: 


Don’t use a calculator to solve your equations! 
y q 


The point of this book and the material in it is to learn how to manipulate the first level of 
equations while understanding what is going on. If you simply plug things into a calculator, 
what you’ve really understood is how to work your calculator! 


As you progress in math, you'll need 
to use technology more - but not yet! 


#5 More practice, especially for factoring 


The best way to get good at all of this work is to practice it more. Working through the 
exercises in this book is a great start, but you should pull out your classroom textbook and 
work on those problems, too. 


This book describes all of the principles you’ll need to work in most Algebra I textbooks, 
and the more you work on them, the better you'll get. 


Factoring, in particular, is a skill that you will be able to do much faster the more you do it. 
So keep practicing... 
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appendix ii: pre-Algebra review 
K 
y Build on a solid foundation | 


I didn't start out as a 
prima ballerina—first 
there were little tutus. 








Do you ever feel like you can’t even get started? 

Algebra is great, but if you want to learn it, you have to have a good understanding of 

number rules. Suppose you’re rolling along and realize that you forgot how to multiply 
integers, add fractions, or divide a decimal? Well, you’ve come to the right place! Here 


we’re going to cover all the pre-Algebra you need—fast. 
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understanding numbers 


Algebra starts with numbers 


If the you hear the weatherman say it’s “minus five,” you know that it’s really cold, colder than 


zero. Numbers sometimes need to indicate that they are less than 0, and they do that by adding a 
negative (or minus sign) in front of the number. 


\ Minus sign 


This is a typical negative 
number. | he negative is 
7) indicated by Lhe minus sin 


So, that’s a negative number. What are the other numbers, the plain 
te ones? Those are positive numbers. They are indicated by no sign 
or a positive sign. If you're working with whole positive and 
negative numbers, it means that you’re working with integers. 





Both of these 
are Positive 
numbers 

These are i 
examples 
integers: ee 


Sum it up 


Integers — The whole numbers, including all of the 


negative numbers, zero, and positive numbers. 


{...,-3, -2, -l, O, I, 2, 3...} 
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pre-algebra review 


How do you work with negative numbers? 


Operations with negative numbers are similar to operations with positive numbers; you just have to 
keep track of the sign of the numbers that you’re dealing with. The first thing to understand is how the 
negative and positive numbers relate to each other. The number line will help with this. 


The number line 
Don’t worry, we explain inequalities 

in the book. If you’re hazy on the 

> (greater than) or < (less than) symbol, then 

jump to the first few pages of chapter 5 on 

inequalities. That should clear you right up. 


To determine the relationship between integers, plot both numbers on a number line. The number farthest to 
the left is always less. That’s because the left side of the number line is headed off to negative infinity, a very, 
very small number. 


The number farthest to the right is always the larger number. Since as you go farther to the right on the 
number line, you are closer and closer to positive infinity—a huge number. Looking at -3 and 1 on the 
number line, it’s clear that -3 is less than | since it’s farther to the left. 


G 


harpen your pencil 
N Use the number line above to plot the relationships and fill in less 
than or greater than signs. 
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sharpen solution 


chery your pencil 
IN Solution Use the number line above to plot the relationships and fill in less 


than or greater than signs. 





The negative version of a number will 


always be less than the positive version. _ 4 < 4 


the same sign and 
umber is larger: 


If two numbers are of 
positive, then the bigger » 


oe a 


With negative numbers, 
negative g number is, th 


the more 
€ smaller it is. 


% 





eS POINTS 


m Integers are all the “counting m= Anumber line can help clear up 
numbers’ (0, 1, 2, 3...) and all the which integer is bigger. 
negative numbers (-3, -2, -1, etc.). 
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pre-algebra review 


Addition and subtraction of integers 


You’ve probably been adding positive numbers for ages, so you have no problem with 
that. The good news is that when you’re working with numbers of the same sign, there 
are some simple rules to follow. 


1) Adding two positive numbers is a positive number. 
Nothing’s changed here. They just keep going up! 


(2) Adding two negative numbers is a negative number. Oa practice 


With two negative numbers, just add the number part first and put a his in 3 


negative sign in front of it; that’s it. second: 


Working with mixed integers 


Did you notice that there’s no “subtracting positive numbers” on that list? Now that 
you're working with integers, the line between addition and subtraction gets a bit murky. 


Subtracting a number is the same thing as adding a negative number. For example, 2-3 is 
the same as 2 + (-3). 


How do you know? To actually perform the operation, you can work with the number 
line. The rules are simple: for every negative number (or subtraction), move left on the 
number line, and for every positive number (or addition), go to the right. 


Move left on the 
Start at 2 on number \ine by 4. 
the number line. 4 You'll land 


La~2—-3=- Ly 


gravee 3 Stark here 


SV 


Bh oh ak oll 1 2 3 | 


SN 


© Rules for adding & subtracting mixed integers. 
Move left on the number line for negative numbers, move right for 
positive numbers. 
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handling signs in multiplication 


Multiplication and division of integers 


To multiply and divide integers, you use the same operations as with regular positive 
numbers, with a few simple rules about how you work with the signs. When you come 
across an integer multiplication problem, first figure out the number piece: 


This is what you need to 
learn the rules about- 















This is the 
original problem. 


First just do the 
number part. ae 









Py 
6 AND A SIGN (A POSITIVE 
OR A NEGATIVE) 


The rules for integer signs - multiplication and division 


Now that you know where you need the rules, here they are. Remember, you just 
carry out the multiplication (or division) as you would for positive numbers, and then 
add the sign in front to get your answer. 


1) A positive number multiplied or divided by a positive 
number is a positive number. 
So, you figure out the number part, and that’s it. 


@ A negative number multiplied or divided by a negative 
number is a positive number. 
The two negative signs cancel each other out. 


3) A negative number multiplied or divided by a positive 
number is a negative number. 
So, if the numbers are mixed, the negative sign carries. 


So now let’s add a sign to 


that problem: aR e329 


-2x3=-6 


Let's try it... 
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pre-algebra review 


BE the calculater 


‘> Your job is to play calculator and Pea = 
figure out these integer operations. a 

‘Remember al] the new rules you've 

. learned! Work with the 






number |ines - they help. = es 
nw the number line, 
i Cae both negative 
hell stay negate 
h th Do the number 
dust wate e 4 5 Sat Civst, then 
SIQNS.-- = i y 7 39 = x = =. Figure out the 
Sign. 
3-6= 
%K 


10-9 -C.-7b A324) | 12345 678 9 10 





Soa 





10-9 -@-7-6 -5$-4-3-2-1| 123456678910 


=O lee 


% 





A096} b 6432) | 1234S 678 410 
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calculator solution 


BE the calculator solution 

Your Aes is to play calculator and figure This is 8 
out these integer operations. Remember al] = warm uP- 
the new rules you've learned! Work with ey et 

.. the number lines - they help. 








You ¢an use the 
No number line, too, but 
Pa: eee eee. bl aris ae both 
negative, You Can just 
add them up and eee 


going. 
The negatives cancel each ane There's only er 
nee e : 
aca sap v, a al ty Remember, the a 
—1 x- 32 =32 oe es art of the operation 
: . : 20 Talk change at alll 





This is exactly the same thi 
just subtracting 4. ane 


-5+(-4) =-9 


1346566786910 





If You add a wy. 
$0 to the aoe number, 


13466784910 





ADAP cP cab LR MEALS Bical 
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pre-algebra review 


Absolute Value 


Absolute value is the operation of stripping an integer of its sign. The upshot of that, of course, is that all of 
the numbers end up positive. Here’s what it looks like: 


This is U 
= SiON: 
l + lo ine va 
| value sion means ae, Ni 
he absolute t, se | \ 


“take the sign = 6|= = 6 and 6 |= = 


umber. 


How do you treat the absolute value sign and the numbers inside it? The absolute value sign acts like 

y g gs 
parentheses; you have to do what’s inside it first and then take off the sign. So if it shows up in an expression 
you're working with, you have to handle it before moving on. 


If you think of the absolute value sign as a brick wall, that might help. 


Won \ 
Tasis be 8" _s, 16 _ 8] =|-2|= 2 
expression 
ou hav Them soo? 
ie heh ~ the So 
Co tr toy co 
Ly ae Ly oy 
mo °°? og = oo? oo -? 
Lr I oy co 





en POINTS 


u Absolute value means take the sign m The absolute value of a negative 


away from the number. number is a positive number. 
m The absolute value of a positive m Anexpression inside the absolute 
number is a positive number. value sign needs to be simplified 


before the absolute value is taken. 
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measuring distance from zero 


What absolute value means 


Absolute value really means the distance between a number and zero on the number 
line. It’s important in cases where you’re more interested in difference than direction. 
The number alone tells you how far you'll travel, and the sign tells you the direction 
you'll move in—to the left of zero, if the sign is negative, or to the right of zero, if the 
sign 1s positive. 


Absolute value means caring about the distance, not the sign. 


ou tan a\so brink of Chis as the 

: | ber from zero: 

dis A) of 1S Va) 

stance 4h wis ) 4 | =— a 


This distance 


is 2 units. 





lo-7 -@ -] -b -5 -4 -3 -2 -l i237 5 6] 8 F lo 


|_—————_——_—_—_ 
7 
~ The distance is 7 ones 
Absolute value is always positive; it’s the 
distance from zero to the number. The distance between 7 and 
zero IS. | | 7 = 7 


Absolute value — The absolute value of a number is 
the value of the number without its sign. [t is the 
distance of the number from zero on the number line. 
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pre-algebra review 


G harpen your pencil 
IN Simplify the absolute value problems below. Remember, you're 
looking for the distance between zero and the number. 





It doesn't matter which sign is there; the 
absolute value means take it away: 


Simplify the absolute 
value List, then do 
the subtraction: 


25 -|13 + 4| 95 4|-13 — 4) 
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sharpen solution 


harpen your pencil 
Si Maton 








Simplify the absolute value problems below. Remember, you're 
looking for the distance between zero and the number. 


The positive sign gets dropped, 
although the absolute value is still 79. 


=22.. |. © |+%5|= 75. ey |172| = 172. 
ation 
Ye a te lead Sime del hee ~ inside Fr 
ae the absolute value- aun the absolute value. 
en 
G/10+3/=/13/= 13 [Wo 16 |= Jol lt 


Simplify the absolute 
value List, then do 
the gubbrattion ..c.-.\y Pernt 


25 —|13 + 4| 


25 +|-13 —4| 
re eed Ge 25 +|-17| 
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there are no S 
b Questions 


pum 


Q: What is absolute value used for in the real world? 


A: Distance is, at its core, just absolute value. It’s the answer to 
“How far are you going?” It doesn’t matter which way, so you’re the 
distance you give will always be positive—an absolute value. 


Another example is temperature change. Since temperatures are 
measured in terms of above and below zero, you may need to know 
how much the temperature needs to be raised. If you start at below 
zero and are going above zero (say, from -10 degrees to +32), you 
need the absolute value of those numbers added together, not just 
numbers themselves. 


Q: Isn’t the number line a little juvenile? 


A: No, the number line is a great, easy way to keep track of what’s 
going on when you're adding positive and negative numbers. Don’t 
feel like you need to use something complicated just because you're 
getting ready for Algebra! 


Q: What if we have three integers that are multiplied 
together? Which sign wins? 


A: If you have a string of integers multiplied together, here’s the 
deal: If it’s all positive, the answer’s positive. If you have an even 
number of negative signs, then the answer is positive. If you have an 
odd number of negative signs, the answer is negative. 


pre-algebra review 


Q: Zero is an integer, too? 


A: It sure is. It’s included because the integers are really whole 
numbers, So you need to keep the zero. Stay tuned, later in the 
chapter, we'll learn about zero and how it works. 


Q: What if my integers get really big? Then the number line 
won’t work as well? 


A: Yes and no. You might not be able to count out your answer, 
that’s true, but you could draw a number line with the tick marks 
meaning 10’s, for example. 


Q: Is subtraction done? 


A: It’s just a matter of perspective, really. Subtraction and addition 
of a negative are the same thing. That being said, it doesn’t really 
matter what you call them; you do the same thing to deal with the 
operation. 


The big take away from this is that you can put the negative inside 


the parentheses and work with it that way if it’s easier in any given 
situation. 
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group numbers in sets 


Number sets - all together 


Number sets are a way of grouping number 
types, like integers. Knowing how to group 
numbers together can help you learn how to The 
Lemperature is 
below zero, so 


it’s negative: 










work with them when you go into Algebra. 










inbeders gre che Integers 
umoers on rene, 2,10), 12,353 
are enative 
he W 
a\\ May 
bers: 
nur 


Counting numbers 
(they started with 
ingers and toes) 






Counting 
Wy Numbers 
yo re ee 


Whole 
Numbers {0. 1. 2, 3...} 




















Rational {Any number 
Numbers that can be 
written as a 
fraction} 





are 
Real numbers 
gil of tne numbers 
were © cational 
and iwrational- 


Real 
Numbers 

{All of the rational 
and irrational 
numbers} 















Trrational 
Numbers 








{Any number 
that can NOT 

be written as a 
fraction} 


The number sets build on each other. 
The smallest set of numbers is the 





counting numbers, the whole numbers 


are Just the counting numbers with The! 
res also 
a set 


numbers Called t 

. . he 

"maginary numbe ; 

leave that for Pires b ss 
ook. 


zero, the integers are all of the counting 
numbers and the negative numbers, and 
so on. 
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pre-algebra review 


The number sets 


In mathematics, there is a typical notation for sets of numbers. Here’s what 
it looks like: 


The numbers listed are in¢luded 
in the set and also establish the 


The curly braces mean a ( pattern Lor the vest of the set. 


mathematical set.” 
Counting Numbers: 4 


1, 2, 5, wf This means “more in this direction 
like this” (4, 5, 6, ete.). 


The counting numbers are the smallest set. They’re just the numbers that you use to count things. It’s also the first set 
of numbers that you work with when you’re learning about math. 





{0,1, 2, 3, at eS Just the counting, 


numbers with zero added 


a Whole Numbers: 


The whole numbers are just the counting numbers and zero. You’ll need zero to indicate there’s nothing of something. 


Integers: Los -3, -2, -1, 0, 1 5 2, 3, ak 


The whole numbers plus all of the negative numbers. 


Rational Numbers: {Any number a/ bt 


Rational numbers are a bit more complicated. Any number that can be written as a fraction is a rational number. Since 
counting and whole numbers (like 2) can be written as a whole number divided by | (like 2/1), they’re rational, too, 
just like all of the integers. This number set is helpful when we work with fractions. Decimals that can be converted to 
fractions are also rational. 


Irrational Numbers: {Any number that can’t 
a he written as a fraction} 


Irrational numbers are numbers that can’t be fractions. You’ll see them more and more as you get into geometry and 
the real world, but there are numbers that go on and on—non-repeating and non-terminating decimals. There are 
square roots that go on forever, and there’s pi, the ratio between the circumference and diameter of a circle. 


ar Real Numbers: {All of them so far} 


eal numbers are just the set that encompasses all of the numbers, both rational and irrational. Since a rational number 
can’t be irrational, but they’re both numbers that can exist in the world, this set includes all of them. 
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representing parts of a whole 


Three ways to split things up 


It’s important to be able to communicate a piece of a whole thing, and there are three ways 
you should be familiar with: fractions, decimals, and percentages. 





Say you just wanted 
hat pieces How es i ag 
Lommunitate that? 
Fractions Decimals Percents 
Fractions are a rational This notation is the This notation is really just 
way of expressing a piece. way calculators and a tweak of the decimal. 
computers work. 100% means all of it 
Te des: The 
eci : ; 
Number of pieces ene ™al Point percent a 
This is the Dipiyeuleye of whole Size of Whole ¥ 
eneval The total things that “piece less Number 
Toes of a number of youhave @ than one 
frattion pieces ina 
whole The form of this De x ne : 
part is specific, we'll oS he 
‘ . ; 0, etween 
Our Pe 1 at One piece get into it later 10% percent and 
. \s: . 2 
piete 's 10 a at a 0.10 the decimal? 
Pleces 
ole We're talking about 
less than one Pie, SO 


this is zero. 


Now we need to figure out how to 
work with all these different kinds of 
numbers. We’ll start with decimals... 
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pre-algebra review 


Decimal’s Anatomy 


Decimals are the easiest for calculators to work with, and sometimes the easiest for people, too. 
We'll start with the details of the format itself. Just like whole numbers have ones, tens, and 
hundreds, decimals have places, too. 


tenths 


hy 
hind) the left pe ; The places go on, 
| \ is the and on, and on... 
+h detima 
eee ev. 1 234 i 
the decimal fyousand 
point 


How decimals communicate 


Just by having the format of a decimal, you can tell two big things 
about the number. 


O The number of whole things you're dealing with. 
The number of whole things is the number to the left of the decimal point. 
If it’s less than one thing, then it’ll be zero. 


(2) The size of the piece of the thing. 
The numbers to the right of the decimal point communicate that size in 


pre-determined pieces. For example, if a number is in the tenths place, it 
is that many tenths. 


If you need to deal with parts, 
Bs ~% y and you need to deal with a 


So dS > calculator, you're probably going 
FA De} 
Se b28 @ to need decimals. 

KS 
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line up decimal points 


Addition and subtraction with decimals 


Addition and subtraction with decimals are almost exactly the same as addition 
and subtraction with whole numbers, but you must line up the decimal 
points. Just like with whole numbers, with decimals, you have to add the right 
place, so tenths must be added to tenths, hundredths to hundredths, etc. The 
way to do that is to make sure that the decimal points line up. 


Try this: 12.34456=? 


Right way: 










Decimal points Here we pot the 
are ined tet bad numbers all 
fete ' on the right ‘ 
234 D IF you just add 

Adding the . 4P the numbers on 
columns upis +45 the right, You're 
exactly the a. hae adding tenths to 
came as with 16,34. The decimal ron hundredths. 








ag mm the 
ris in 
eee ae yon gs it is in the 
numbers we're ere ) 

s). C 

tooether (the aaaen ae they're wet lined up, Yo 

tant tell... 









Carrying across columns is the same as it is with whole numbers. 


Borrowing from other columns is the same, too. 


Nh wk 


Subtraction works the same as addition, just line up the decimal 
points, and you'll be ok. 


When you add and subtract 
decimals you must line up the 
decimal points. 
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pre-algebra rev 


G harpen your pencil 


IN Complete the addition or subtraction and solve the given 
problems. Make sure to line up the decimals! 





You have to line 
6.9 + 12.41 =? up the decimal 14.27 -36-? 


points, remember: 


3+ 16.01 =? 21.24 -9.7 =? 


Sam wants to buy the latest Y-box game—1t’s $49.99, plus $2.50 in sales tax and $13.65 in 
shipping (overnight!). How much is this game going to cost him? 


Ella, Sam’s sister, just got her birthday money, and she has $80 to spend. She wants to get a 
DVD for $13.35 and a new outfit for $42.35. How much will she have left? 
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sharpen solution 


hp your pencil 
IN Solution Complete the addition or subtraction and solve the given 


problems. Make sure to line up the decimal points! 





6.9 + 12.41 =? 14.27 ~-3.6 =? 


You have to ie Just borrow from 


the decimal 2 | : 
6.99 | 14/27 the next column, like 
L points, remember ale kh pian 


+1241 ee aus to help k 
a zero 
19.31 10.67 ~ track of the decal 


places. 


ha Ve 


You 
3+ 16.01 =? the dees” add 21.24-9.7 =? 
and tuo al’ Point. is 
ros —__ can 
300 k~ 24124 Lots of boreowns 


Lov this one ~ i 


$16.01 =9.70 jot the ee 
19.01 11.54 with whole 


Sam wants to buy the latest Y-box game—it’s $49.99, plus $2.50 in sales tax and $13.65 in 
shipping (overnight!). How much is this game going to cost him? 


[2 | 
y. Just line up 
u Can add up 49.99 the decimal 


points me add 
1365. 


66.14 


as many decimals +2.50 


9S You want. 


Ella, Sam’s sister, just got her birthday money, and she has $80 to spend. She wants to get a 
DVD for $13.35 and a new outfit for $42.35. How much will she have left? 


Firsts You have 13.35 Then you Can subtract 80.00 


to add v? her that value from her : 
purchases +42.35 birthday money: 55.70 


55.70 724.30 
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Decimal multiplication 


Multiplying decimals is almost the same as multiplying whole numbers; however, there is a 
twist at the end. You can set up a decimal multiplication problem exactly the same way you 
would whole numbers: line the numbers up on the right, and start multiplying. After you’ve 
multiplied the first number by each digit of the second number, you can add them up. 


The last step, the one that’s different with decimals, is you need to count the number of places 
to the right of the decimal point in both of the factors, and then put that total number of 
decimal places in the answer. 





Try this: 14.45 x 1.5=? sore BE 
fo inake <i gown 0 
NW 
Write the multiplication out just like 14°45 We eavedl goin 
with whole numbers. de 
x 1.5 
Carry out the multiplication and addition steps, just as zY 
you would with whole numbers, ignoring the decimal 
points for now. 14.45 


XLS ; 
16 187 
Pipye,  7225-™ 
5 
——+:14450< Aad the is 


since iv The 


2 1.679 Lens place- 





is 


The last step 1s to count the decimals in the factors of oy count > an 
the problem, and put the total number of places back ut the decima 
into the solution. 1 A A 5 point here. 
“4a 72 places 
Ry 
! place 15 That’s 3 total places: 


In decimal multiplication, 
count the total number of 
decimal places in the factors. 
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manipulate decimal points when dividing 


Decimal division 


Dividing numbers with decimals is similar to regular long division, but with some minor 
changes. Before we can talk about it, a quick refresher on some terms. 


ays 
Dividend ~ Divisor = Solution These are the i Solution 
you should be vse Divisor) Dividend 


seeind, division. | 


If you’re dealing with decimals, take regular long division and make the following changes: 


1] If there's a decimal point in the divisor, you need to remove it. 
If you have a decimal point in the divisor, you need to eliminate it. First, move the 
divisor decimal point to the right as many times as you need to make the divisor a 
whole number. Then, move the decimal point in the dividend the same number of 


places to the right. 


(2) If there is a decimal point in the dividend, then put the decimal 
point in the same place in the solution above. 
After setting up the problem, just stick the decimal point in the solution right above 
it. If there was no decimal point in the divisor, then divide exactly the same way 
you would with whole numbers. If you moved the decimal in step one, remember 


to use the new position. 


Let’s do some division! 


Here’s a problem with all kinds of twists and turns. It has two decimals and 
there are some tricks you'll need to make it through. 







Ok - so there's a decimal 


No » Caleulators plea 
=e point in the dividend and the 





eve ty 
how to ae hin 15.126 > 1.2 = ? divisor, so we'll need to use 
hand by both tricks up there. 






| afte, all. 


First, you'll need to set up your 
equation ina long division format... 
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Decimal division training 


Write your problem out in long division 
form. 


Adjust the decimal points as needed. If 
the divisor has a decimal point, move it to 
the right until you have a whole number. 
Then move the same number of places in 
the dividend. After that’s done, write the 
decimal point in the solution in the same 
place as in the dividend. 


3) Proceed with the long division. This is 
exactly the same as with whole numbers. 


12.605 


12.)151.260 4 


=121 


Remainder’ 79 


ae OL 


5) Keep going with your division. When you 


: se se : ; ; 
finish a division with no remainder, you’re Ther 


done! rr Lis 


esa couple of 
~ turn the P96" 


pre-algebra review 


1.2)15.126 





4) Remainders don’t exist for you anymore! 
Since you’re working with decimals, you 
can add a zero to the dividend without 
changing any values, and keep on going. 
Just don’t forget to put a zero in your 
solution when you need to add a zero to 
the dividend. 


exceptions te 
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Special kinds of decimals 


Special decimals 


There are a couple of special cases that you need to be prepared for with decimals. Decimal 
division can actually end in three ways: 


Terminating decimals. 
The one we just did is a terminating decimal. That means it ends. 


© 


Repeating decimals. 
These decimals get in a rut. The thirds (1/3, 2/3) are the easiest 
example. Once you start the division, it never ends. There’s a 


convention for writing them: 


Go anead and fo ™ 


try this. |t’s | 
pee by three: 


3) 


Cos 


1 _ 03333333... or 0.3 


T 


his bar means the 
number after the 


decimal is repeating; 


Non-terminating, non-repeating decimals. 
These go on forever. You just keep adding zeros and dividing 


numbers. When you start to see that happening, just write what 


you have, and add a note that it doesn’t terminate. 


Q: With repeating decimals, will it just 
be one number? 


A: Not necessarily. Sometimes it’s several 
numbers that repeat, like 1.234234234. 


These numbers are written with a bar on top 
of the entire sequence that repeats: 


1.234 
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thereyareno 
Dumb Questions 


Q: How do | know if it’s a non- 
terminating, non-repeating, or just a long 
sequence that repeats? 


A: Most of the time, the problem will tell 
you how many decimals to use before you 
decide. For example, it may say, “Only take 
the division out 5 places.” 


Q: How do you use repeating 
decimals? You can’t add them to other 
numbers, right? 
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A: With repeating decimals and non- 
terminating, non-repeating decimals, it’s 
much easier to work with them as fractions. 


Q: Why can you just add zeros on the 
end when dividing by decimals? 


A: Since the zero comes after the decimal, 
it's not changing the value of the dividend 

at all. 15.126 has the same value as 
15.12600000. Adding the zero is a trick that 
makes it easier to finish long division. 


pre-algebra review 


Solve the following multiplication and division problems. You can add as many zeros as you 
° need after the decimal, but don’t forget about repeating and non-terminating, non-repeating 
E RciSe decimals. If you go out 4 places and still don’t have an answer, you can stop. 


bie 23.2 +5=? 


>— 


Ke — 
Just because You don’t start 
with decimals, doesn’t mean You 
ate won't end up there. 10.6 + 0.34 =? 


a a 
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exercise solution 


eRciSe 





Solution 


151X072 =? need te line wf 


the decimals joints, just 
15.1 kee? hrack o€ them 


x0.72 


3 places in 
the solution 
because there 


se | in the 302 The only new thing You 
First factor 579 have to do is put the 
and Lin the ——— detimal point in here. 
ee 10.872 


Just because 


You don’t start 
we with decimals, doesn’t mean you 


56+3=? won't end up there 


<~This bar means 
18.66 repeating, The 


3)56.00 mer it’s over 
ah (sia ig what wepeats- 


3 
26 
“24 
20 Hmmm...this is going 
-18 to go on forever. 
9 Looks like a repeating, 
- decimal 
18 eimai. 
2 
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Solve the following multiplication and division problems. You can add as many zeros as you need 
after the decimal, but don’t forget about repeating and non-terminating, non-repeating decimals. 
If you go out 4 places and still don’t have an answer, you can stop. 


ar Just put the decimal point 


in the answer divectly . 
4.64 above the detimal point in 
5)23.20 the dividend. 


-20 





32 
304 
20 
The answer decimal 
ant needs © 9° 
10.6 + 0.34 =? rant above the divisor 
ie decimal point 
a . 311764 
move this 00.349 10,601000 
ee be oie, aie 
rts me point: has +o 
40 move the same 
- 34 two places. 
60 
4 
260 
~238 
220 
Th: - 204 
ee still Joing/ Let? 160 
non— : 7 
hon—term, rating, 136 


is, then 90 
f ant to check this, 
ee nee pull out the ealeulator- 
|’ Fill up your streen! 
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You're 1002 right! 


Decimals and percentages are almost the same thing. Percentages are just 


a convention that we use to work with decimals, primarily those between 
zero and one. 0% is 0, and 100% is 1; everything else is some decimal 

in between. There are a lot of times when you need to talk about some 
consistent piece of something that’s between zero and one—tax rates, 


contribution rates... 


Dealing with percentages is easy. Just convert them back to decimals and 


work with them that way. 


1% = 4 out of 100 = 0.01 


Q: Does it work the other way—going 
from a decimal to a percent? 


A: Yes. If you want to convert a decimal to 
a percent, just move the decimal point to the 
right two places. 


Saying 5% sounds 
way better than 5 


pre-algebra review 










hundredths. 





To convert a percent to 


a decimal, just move the 
decimal point two places 


to the left. 


thereyareno 
Dumb Questions 


Q: What if the percent is bigger than 
100? 


A: The process stays the same; you 
move the decimal two places to the left. The 
number that you come up with at the end will 
be over one, that’s all. 
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Q: Can a percentage be written as a 
fraction? 


A: It sure can, and we'll find out how to 
do it soon. For now, just remember that all 
of these things—decimals, percents and 
fractions— are all ways to work with parts 
of numbers. 
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percentages are just special notation 


Working with percents 


With a typical percentage problem, you’re looking for some percent of 
something, like sales tax. In chapter 1, we help Jo buy a game console, 
and when you buy something, you have to pay the taxes: 


KillerX 2.0 First let’s deal with sales tax... 
Gaming Syste 
The brand new Killer. 

2.0 includes full circle 


The base price is $199. After that, we need 

to think about taxes. In Mathopolis, the sales 
tax rate is 5%. Let’s figure out how much we'll 
have to pay in taxes. 


entertainment value. 
game controller inclu 





(OPOD-112) 
The Jame 
¢ : 
onsole is #199. You need t0 find the 
Ty vreentage of the base 
o find the percent of something, there a three steps. re 1199 
price, 1 . 
e Figure out the number you are taking the percentage of. 1 9 9 


2) Convert the percentage to a decimal. You do that my simply 
moving the decimal point in the percent two places to the lefé. 


non So ee: bx 
NV 5% > —) percent Sin. 
Moving the detimal two places 05, Ge 0. 0 5 


means You have to add a zero- 


chart 


This decimal is aa | ‘6 


even } it’s not wiertten 


Do 
| Multiply the decimal to the first number. The value you'll dhe 


: ; : ' | 
get is the result you’re looking for! conics tueed out to math 


looking, for. 2 


— 


Whatever thi ‘ 
be is the value youve 


Answer: S6°6 
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pre-algebra review 


Percent Magnets 


Use the magnets to complete the problems with percents. 





Just move the decimal two Percents can still have 


places to the left. decimals in them... 
LU 
15% = 0.027 = 


More than 100% is 
over one. =————__y, 


117% = 0.39= 


Really Big Mall is trying to decide if their customers would use Wi-Fi in the mall if it was installed. So, they 
took a survey of 618 shoppers and found that 61% said that they would use Wi-F1 if it was available. How 
many customers does that represent? 


618 
a —— Ne pe erreur ete an ae 

7 618 
ee a ee ee Shs cceciawansnpsdnancenssangssmsdnass 

37080 
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magnets solution 


Percent Magnets Solution 


Use the magnets to complete the problems with percents. 





Just move the decimal two Percents can stil Got 
m ] ha he th 
places to the left. decimals in en the Places ie 
e right. 


AY 
15% = ye 0.027 =[2.7") 


More than |0O% is 
over one. =———_ 


117% = 0.39 13% 


Really Big Mall is trying to decide if their customers would use Wi-Fi in the mall if it was installed. So, they 
took a survey of 618 shoppers and found that 61% said that they would use Wi-F1 if it was available. How 


618 


tees ee cc 


many customers does that represent? 





— 
37.698 a 
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pre-algebra review 


Fractions 











T hate fractions. They're hard and I don't 
see how they help anything. I'm just going 
to use my calculator. I'm so out of here... 


Wait! They’re not that bad. 


memoe’ repeating 


Fractions are really helpful. Once you get the hang Re ae 
deta s* 


of them, they can be faster and more precise than 
decimals. 


They are a little tricky to get the hang of, so let’s start 
with a review of exactly what a fraction means. 





Fractions show parts of a whole 


A fraction tells you how many pieces you have of something 
and how many pieces that thing is broken into. 


| 
This piece © FH 


This is the ee of hes 


humerator pieces that you 
have 


The total Cis atte 


number of mie 
pieces ina denominator 


whole 





fractions, we’ll fix you up. 


Fractions are a fact of life, but once you get the 
hang of working with them, they’re quite handy. : 
Keep going, and you'll be fraction genius inno: 
time. 


you are here » 485 


Download at WoweBook.Com 


multiply fractions 


Fraction multiplication 


Fraction multiplication is the easiest operation to work with. You simply multiply the 
numerators together to get the answer’s numerator, and then multiply the denominators 
together to get the answer’s denominator. 


Just multiply the 
numer ators together. 
i he new 
1 ps 1 = 1 x 1 = 1 ier that’s 
2s alee (OL 


tT 
Chart with Then multiply the 
wo fractions: denominators together. 





Qe Multiply the numerators, and write the value as the numerator of the 
solution. 


6 Multiply the denominators, and write the value of the denominator for 
the solution. 


Fraction division mixes numerators and denominators 


Fraction division is actually more like multiplication with a twist. To divide a fraction by a 
fraction, use a process called cross multiplication. Here’s how to cross multiply: 


To éross multiply, just multiply the first numerator by 
the second denominator to get the solution aie 


Start with ee’, UX2=. 

Lo fractions: 3 , 2 3 x 1 3 
Then multiply the first denominator by the second 
numerator to get the solution denominator. 





To divide, multiply! 


1) Multiply the first numerator by the second denominator, and 


write the value as the numerator of the solution. 


(2) Multiply the first denominator by the second numerator, and 
write the value as the denominator of the solution. Now try It... 
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pre-algebra 


+ ee 


WIECH 1S WHE H? 





Match each problem to it’s solution. 


Problems Solutions 


487 
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exercise So 


+* 


WIECH 1S WHC ET? 


Solution 
Match each problem to it’s solution. 
Problems Solutions 
i .6 5 
20° 7 30 
sre ot. 
GA 120 
Me A 3 
12° 9 ay 8 
5 1 


DIF OO 
| 

moo Wir 
I) 
ws 


x a 
24 

A. 23 3 

10° 5 7 

T dz 

oo3 3 







What is that? The 
top is bigger than the 
bottom! That doesn't 
work, does it? 
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Improper fractions 


An improper fraction is one where the numerator is larger than the denominator. 
Since the numerator is larger, the fraction actually represents more than one. 


For example, the last fraction in the previous exercise has a denominator of 2, vy Pd 
which means that the whole is cut into 2 pieces. The numerator of three means 
that there are three pieces of it (more than one total pie). 










This number is | 
bigger than Cm 3 
2 this one- 

Three pieces 
total of whole 
y Pies cut in two. 
Sometimes (like with multiplication and division) 7 
it makes more sense to keep working with the 


improper fraction. But what if you just wanted to 
know how many pies there are? 


Divide to make an improper fraction proper 


To convert an improper fraction to a proper fraction, you need to remember that 
the line in the fraction means division. 


Another way to read 1 
This line this would be “4 So, do the 2 ) 3 swer 1S 
division. ee 3 divided b = ivisi ' ie 
\ 71 92 Y division! 


<9 remainder b 
1 


Any remainder of the division just goes 
back over your denominator. The whole 


number part of the division stays as a Cc > e \ekt NO . 
| alain ee 
whole number. To 1 7 ill \ over = 
Here's Yous ae hw vk at 
00 ) 
Fant! (the che, i \f ie ewe cal 
erm is a mixed = 9 ie incle Ww 
number). wae oe a 
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deal with mixed number 


More about improper fractions 


So what if you had to solve this problem? 


ser eee, 
2g x45=' 


The mixed numbers make things tricky. You have to make these improper 
fractions before you can multiply the numerators and the denominators. That 
way you only have numerators and denominators and no whole numbers. 
Whole numbers would just complicate this problem. 


1 
26 | 


This means that You have 


wo wholes and one sixth 
ert over. 





To get to a mixed number, you had to do division, so to get back to the improper number, you 
have to do the opposite—multiplication. 


(2) 


490 


To convert an improper fraction, first write the denominator for the Eoals 


denominator and add the old numerator. That’s it! 


solution. It will be the same as the denominator for the fraction portion 

of the mixed number. 2 ty Plus 13 

To find the new numerator, multiply the whole number times the Lael? 6 6 
These are PA 


the same- 
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Use this space for 


ix back to a 
vedu sare 


proper 


pre-algebra review 


Convert the following fractions from proper to improper 
fractions to complete the operations. Reduce all of your 
answers to proper fractions.. 


3 
35) 2 
= 8 —_ Limes 


Work here to reduce 


the solution to a 
Fraction es 
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exercise solution 


=) Sractions 


ea 
(= =\ Bake your 











Convert the following fractions from proper to improper 
fractions to complete the operations. Reduce all of your 
a glution answers to proper fractions.. 


2 times 7 




















rh a kimes 4 plus 3 plus e plus 3 5 lus Fa plus 5 
1 )= = oe Se 25h. 19 
kimes 9° 9 a te Se Limes (<a 
Write the same Denominator 
denominator iw first 
! times 3 
Plus | y 
Ie 2 Be Lf 6 1_ 20.5 
1 = Z 15 = 
Ses 38 (Claes Candee ane 
28 To write theses 1" 100 
This needs te be = ————>s = 2° ak ite the = 
eae bath to. cet oe 24 Bi heceaenes re ae wT both ee eaten 7 orice iucies 
proper fraction again. 1 | 4 set b multiplied 3 3 22° 
24) 28 IDE bagebher 77-4 
_24 — 84 
se this back — as back a 
To vedu action 4 To vedute ni ction 22 
ko a ee b& nd weite to a prone’ fe a wer e 
dwide nde gs Une givide y 28 gs the 
the were eator Lhe emainder 
new numer ew purer BU" 
x_n POINTS 
= To multiply fractions, multiply = Toconvert an improper fraction to a 
the numerators and multiply the mixed number, divide. 
denominators. 
m = Toconvert a mixed number to an 
= To divide fractions, cross multiply. improper fraction, multiply. 
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I learned how to do 
fraction division a 

different way. We used 
reciprocals. 


It’s true, there’s a shortcut to divide fractions. 


Cross multiplication is the method that is the most 
straightforward, but you can also use the reciprocal. 





Invert a fraction to get its reciprocal 


The reciprocal of a fraction is a fraction with the numerator and denominator 
switched. To divide two fractions using this method, you can multiply by the 
reciprocal instead of cross multiplying. 


1 2 See, we ust 
a 7 ~— ‘flipped them 


The reciprocal wee 
of this is ra 
Start with a typical 


Fraction division - option *Z division problem. 


Here’s the reciprocal way of doing things. It will give you exactly the same 


answer as cross multiplication: i = ° — 

e Replace the division sign with multiplication, and replace the second 1 7 
factor with its reciprocal. 3 7 x a — 

6 Treat it just like any other multiplication problem and multiply straight g 
across. 


| 


BRAIw 
\)\) BARBELL 


Try the same problem using cross 
multiplication - you'll get the same answer! 
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no dumb questions 


Q: Why do we have to learn fractions? 
Don’t most people use calculators? 


A: It’s true that most people use 
calculators. The problem is that when you 
get to funky decimals like repeating decimals, 
for instance, it’s actually way easier to work 
with the fraction. If you need to carry that 
small number through a few steps in Algebra, 
it could get ugly. 


Q: How do you know what each 
decimal place is? 10ths, 100ths? 


A: That is basic number knowledge, and 
you just have to memorize it. The good 
news is that 0.1 is one tenth, 0.01 is one 
hundredth, and it keeps going up by a factor 
of 10 each time. 


Knowing that, it’s easy to convert a decimal 
to a fraction. 


494 


thereyareno 
Dumb Questions 


Q: Addition and subtraction of 
decimals are the same as whole 
numbers? 


A: Yes if you LINE UP THE DECIMALS. 

Don’t line them up to the right, because then 
you'll have 100ths added to 10ths, and that 

won't work. 


Q: How long can | keep adding zeroes 
if I’m dividing? 


A: Good question. As long as you want, 
really. If you have a repeating decimal, you'll 
figure it out pretty fast—probably by the 
hundredths place. Otherwise, keep going 
until you have no remainder or you have 
enough decimal places that you can answer 
your question. That will depend upon the 
context of the problem. 


Q: Percents are really just decimals? 


A: That’s right! They were developed so 
we could easily talk about one hundredth of 
a thing. Since that’s also how divide up our 
money, it’s so convenient! 
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Q: For what do you use improper 
fractions for? 


A: They are great for speed. If you 
have several steps to go through with 
multiplication and division of fractions, it’s 
much easier to keep working with the 
improper fraction. If you convert improper 
fractions in the middle of a problem to a 
proper fraction (say, a whole number and 
a fraction), and then you need to multiply, 
you'll just end up going back again. 


Q: Which is better, cross 
multiplication or using the reciprocal for 
fraction division? 


A: It’s a style thing, really. Both of them 
work fine, but for one, you need to rewrite 
the fraction, and for the other, you don’t. It 
may bother you that cross multiplication 
doesn’t involve writing exactly what you’re 
doing. When you write out the reciprocal, the 
math you're doing is exactly the same thing, 
but the notation is different. 
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Adding and subtracting fractions 


Addition and subtraction of fractions are a bit more complicated than multiplication and 
division. You can multiply and divide any two fractions without much trouble. ‘To add 
and subtract, two fractions must have the same denominator. 


Why? Because the answer you are looking for will be in a given denominator, which says 
how many pieces your whole is cut up into. 


A 





v- This changes 


Number of dependi 
pieces that you Pritt ls the 

1 1 have os 
ee | 
3 4 The total a 

number of Yow mary wou A? 

pieces ina bh be? 4 or T° 

3 
whole 


You need a common denominator 


The moral of the story is that we need to find a way to change the denominator of 
the fraction without changing it’s value. But we’ve got a couple things we need to 
learn about before you can make that happen. 
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equivalent fractions are equal 


Equivalent fractions get you matching denominators 


You may remember from your times tables that any number times one is itself. This one little fact 
makes it possible to change a denominator without changing the value of the fraction—the size of 
the pie piece that you’re going to get. 


To get an equivalent fraction (say, to add them, since they need the same denominator), you have 
to multiply the numerator and the denominator by the same number (like 2 over 2). You can do that 
because 2 over 2 is equal to one, so you’re not changing the value of the fraction, just the way it’s 
written. 


When you do this to get an equivalent fraction, you find a different way to express the same amount 
of pie. Let’s try it out. 


Cary it out like 
This is another 9 regular fraction 





Lorem of one. multiplication. 
\ Lat 
Me oparker® 1 x 2_1xz_2 
4% 9 -4x278 
ae Soe Fractions are J 
equivalent. 










Ok, so we can come up with equivalent 
fractions. But we still don't know how to add 
up two fractions with different denominators. 
How do you know what to multiply by? 









We've Lrying to add 


these two together» 
—_ senee 


dp Ah 
goa- 
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Use the lowest common denominator for addition 


What we’re looking for is a common denominator for both fractions. ‘To keep the math 
simple, it should be the lowest common denominator. 


> Lowest common denominator 


T 
he smallest that all ie fracti r 
number... involved Could aeons as a 
share... denominator. bh matte of “ole 
ler 1s e 
To find the lowest common denominator, you need to find the least common multiple C the original 
of the numbers that are the denominators of your fractions (in our case 3 and 4). Once 
you've done that, then you can figure out how to find the equivalent fractions of each 


number Limes an] 
addend with the right denominator. 


other number: 


These are the multiples that the 


denominators have in Common. 






i t Common 
We've looking, for the leas 
multiple, so we're stopping here, but 
eye! 


Multiples of 3: 3, 6, 9: we could go on Forever. 
Multiples of 4: 4, 8, (2, 16, 20,(24).. 


When you're presented with two fractions, and you want the lowest common denominator, just list 
the multiples for each number and choose the smallest one that they share. 


Since we’ve found 12 is our least common multiple, now we can use it as the lowest common 
denominator. 


lai it up 


Least common multiple (LCM) — The lowest 
multiple that numbers have in Common. 


Lowest Common denominator (LCD) — The lowest 
Common multiple of denominators. 
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match denominators to add or subtract 


Fraction addition and subtraction training 


Still feel like you can’t add fractions? You’re closer than you think—you just 
need to put it all together. Find the lowest common denominator (LCD) and 
multiply by 1 to get a common denominator. 


Qe Write out the initial problem. If you have a word problem, make 
sure that you know what you’re working with by writing it out first. 


fi 5c 
_ mn wroblem, 24a" a ta = 
A van ao etstinel 3 4 : 


2) Figure out the LCD. Take the denominators you’re working with and 


find the LCD, just like we did earlier. 
it’s Ore Multiples of 3: 3, 6, 942)15, 18, ai{oa).. 


- V 
sale kis one yple ° 
Pack or amaon MTOR Multiples of 4: 4, 8, 16, 20,(24).. 


3) Determine what version of 1 to use to get both fractions with 
the LCD. You know what denominator you need to get to (12). Now 
you have to figure out what fractional form of 1 to use to get there. 


n needs to have the same 












This fractio : fs 1). 
A=|1. so it needs numerator and denominavor (that way 
Beal > be 
ver 'T: 
aula 1 4 Both of tee 1 Z| 
= fractions need to be x 
KAU, 2 converted eee 4 12 fraction 
bey Bzl2, so Enis 808 
ky be 3 over * 
4) Add (or subtract) the new equivalent fractions. Replace the needs 


fractions from the original problem with their equivalent ones and then 
add them to find out the solution. 


ai = Now you can just add the 


tions 
Replace the old trae lon: ‘ ye numerators up. 


with the eauivalent fractions \ ; ~ : 


jou fi ured out here: _ 
| : i . 12 12 Don know right eae 
will be in |2ths since 





that the answer 
that’s your LEV: 
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harpen your pencil 
emer yr 





Multiply the first fraction by 
2 over 2 to get the LCD. 


Rewrite the original 
equation with the new 


Common denominator 


Multiples of 4: 


Multiples of 6: 


Rewrite the original 
equation with the new 


Common denominator 


pre-algebra review 





Use your new skills converting fractions to common 
denominators to add and subtract the fractions. 


Rewrite the original 
equation with the new 


Common denominator 


ae oe 
5 


Multiples of 12: 


Multiples of 5: 


Rewrite the original 
equation with the new 
Common denominator 
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sharpen solution 


hep your pencil 
IN Solution Use your new skills converting fractions to common 


denominators to add and subtract the fractions. 





058 - 5 2 

i ee Ws vS oie meee) 

5" 10 rate LOM 67 15 The LCM 
Multiples of 5: 5,(10]15, 20, 25, 30... _ Multiples of 6: 6, 12, 18, 24,30) 36 
Multiples of 10710) 20, 30, 40, 50... Multiples of 15:15,(30) 45, 60 

Multiply the first fraction by 2 ove, 2 
2 over 2 40 get the LCD 6 over ? heey 
2524 Syl. 3. ax2=2 2ye2_4 
oe 5 ge \ 15 * 2" 30 
eB 
10710710 « 
eile ACRES OE I tc nasiy ck Caahe ince this fracti, 
is already in the 7" 
“7 You Can 
multiply by aKa 
to 
We had to ge out a ways 
Multiples of 4: 4, 8(12))16, 20, 24 Multiples of 12: 12, 24, 36, 48(60) 72 
Multiples of 6:6, (12,\18, 24, 30 Multiples eet 10, 15, 20, 25, 30, 35, 
oa) ae 40, 45,50, SLGD) 
eee eee dy 2 2 16.5 _ 80 Ld 2 19 
rae aes 0 62-2 12*s= 6 5X id= G0 
Big 2 80 , 12 _ 92 
2 121 60 * 60 60 
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92 
60, really? That's not very user friendly at all. 
I do not want to be finding LCD's that big. 


We know how to find an equivalent fraction with a 
larger denominator—what about a smaller one? 


It happens pretty often that you get into a situation where your 
LCD 1s still pretty big, and then your answer is this big fraction. 
When that happens, you just need to divide by one in a way that 
gets you a smaller, more user friendly, but still equivalent, fraction. 
It’s called reducing the fraction. 





But why is that ok? 


Dividing by one doesn’t change the value 


Dividing by one doesn’t change anything either, which means that you can divide a fraction by one 
(in any of its many forms) without changing the size of the piece of pie that you have. 


All of this is just another way to express the identity of one. Any number divided by one is 
itself. Now the question is how do you figure out what to divide by? 


Sum +t up —————— 


Multiplicative Identity Property of One — Any 
number multiplied or divided by one is itself. 





you are here » 501 


Download at WoweBook.Com 


reduce fractions with common factors 


Reduce fractions by dividing by 1 


To reduce a fraction, you need to find out the version (or versions ) of | that you can divide into 
both the numerator and the denominator. You can do this division as many times as you want to, 
so to get started, you just need to find a common factor for both numbers—any one will do. 


These numbers are both even, so 


Reduce this to make you Can divide the top and the 





it more user friendly. bottom by 2. 
92 92 +2 46 tee phi oe if seed another Common 
= —_ » You nee. ; 
60 60 2 30 the fra pull it out too — that way 


ction will be completely reduced. 


To completely reduce a fraction, you need to remove all of the common factors from the 
fraction. That means you keep trying to divide out numbers until they’re aren’t any more in 
common. Since 46 and 30 are both even, you know that there’s at least another 2 in there. 


; Ok, so that’s it! 23 is Prime, so th W 
46 = 46 +2 _ 23 any more factors left. The ae esata : 
30 30 ge ? 15 reduced any further. 





You can’t stop reducing the fraction until there aren’t any more common factors. That means 
that either the numerator or the denominator must be prime, or there aren’t any more factors 
in common. 











You know, doing this 
over and over is boring. Is there 
a way to speed this up? 
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Factor trees can eliminate lots of little steps 


There’s an easy way to come up with factors of a number; it’s called a factor 
tree. A factor tree is a table that lists all of the factors, so it’s easier to come up 
with your factor list and then reduce your fractions. 


Let’s do 60 (- © Write your number. 


Givst - it's a 
little smaller. b O 
© Put the result of the 


. a dividion Were: 
© Pick a number to divide PA < ; ao ivision here 


by first. So the two numbers on 
If it’s an even number, 2 is this line can be multiplied 
to get the number above it 


the way to go. You can usually > 
come up with the other number vs oN ——~_ (2x30 = 60). 


off the top of your head. 

2. | 5 © Divide your new 
number by two 
if it's a factor. 

@ __ Stop the branch of the / as 
. , : Pull this number 
tree if all that's left is 2 5 apatcice 
one and the number itself. 


Everybody knows that 1 goes 
into everything, so don’t bother. 
This branch is done. 
© Repeat until you don't have 
any branches left. 


Pick out the prime factors 


You may not know how to read it yet, but you now have a list of all of the factors that make up your 
number. The form of the tree tells you one important thing, too. The end of each of the branches are 


the prime factors of the number. 


If you list all of the prime factors, it’s called prime factorization, and those are the smallest 
pieces that can be multiplied together to get your big number. Not only that, but multiplying them in 
different combinations will give you all of the factors of the numbers. 


L's out because it’s the 


2 ite both . 
In this form, you Can use the You write poet snot: ust the prime 
list of factors as a Check Prime factorization of 60: 2,2, 3,5 prime factorization no ) 
list, to Figure out all of the factors. 
factors. 
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factor trees find prime factors 


Reduce fractions with the factor tree 


Now that you know how to use the factor tree, you can reduce fractions quickly. Let’s try our 


fraction again. 


e 


Write out the fraction that you need to reduce. Lots of times, 9? 
the fraction will be in an equation, so it helps to pull it to the side where 60 
you have some room. 


2] Find out the prime factorization of the numerator and the 9 os 
denominator. That’s where the factor tree comes in. We already know 
the prime factorization of 60; let’s do 92 real quick. ra TSK 

This ts the prime fi -——? Prime factorization of 60: 2, 2, 3,5 @ , aK 


earlier: 


3) 
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ae with Prime factorization of 92: 2, 2, 23 ‘| 
that we bom Cc D 
These are th oe 
note fatto 


Rewrite the fractions as their prime factorization. If you 
multiply the prime factorization out, you get the original number. This 
really isn’t changing the value of anything, just how it’s written. 


O22. 28:2 925 
60° 2+2+3+5 





Divide out all the common factors. Every factor that’s in both the 
numerator and denominator can be removed. 


3 \e Whats left here is the fully 


reduced fraction. 








Simplify the remaining factors. If there are factors left that need 
to be combined again, do that before you write the final fraction. 


Prime 


929 23 _ 23 factorizations 
60° 365 = 15 





make reducing 
fractions fast. 
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Q: What’s the GCF? I’ve heard it 
before, but I’m not sure what it’s used for. 


A: The GCF stands for greatest common 
factor. That is the largest number that can be 
pulled out of two larger numbers. 


Q: I’ve heard of using the GCF for 
reducing fractions. How does that work? 


A: The GCF is actually used in much the 
same way for reducing fractions as the LCM 
is used for coming up with the LCD. If you 
can list the factors that go into both your 
numerator and denominator, it’s easy to find 
the biggest one. 


Once you do that, you can simply divide 

the numerator and denominator by the GCF. 
The problem is, it’s tricky to come up with 
the factor list. The factor tree and the prime 
factorization always work the first time. 


Q: What’s the difference between the 
LCD and the LCM? 


A: The LCM (lowest common multiple) is 
a numeric property of any two numbers. You 
use the LCM of two numbers as the LCD 
(least common denominator). It’s basically 
the LCM applied to a specific situation— 
fractions. 


thereyareno 
Dumb Questions 


Q: Working with fractions seems to be 
much harder than working with decimals. 
Is it worth it? 


A: Getting started with fractions is a bit 
trickier than starting with decimals. The thing 
is, once you get the hang of it, fractions can 
actually be faster and easier because they 
tend to stay neater than decimals. 


Think about it, working with non-terminating, 
non-repeating decimals would not be pretty. 


Q: When do you need to reduce 
fractions? 


A: Sometimes you'll want to do it just 

to make the fractions easier to deal with. 
Working with large denominators gets pretty 
ugly if you need to come up with a LCD and 
add or subtract. 


Other times, your problem will ask you to 
reduce the fraction, or you will get an answer 
that just doesn’t make much sense if it’s not 
reduced. 


ay 
2 4b 
— 
7 ea Fe 
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Q: Why is it called a factor tree? 


A: Not really sure, but did you ever think 
that they kinda look like evergreen trees? 


Q: What if | can do the factorization in 
my head? Do | still need to do the factor 
tree? 


A: Nope, you can skip it (but the tree 
tends to keep you from messing up). 


Q: Apparently dividing by one and 
multiplying by one are both important? 


A: Very. Working with the identity property 
of one makes all of this fraction manipulation 
possible. 


Getting started 
with fractions 

is trickier than 
decimals, but it’s 
easier in the end. 
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Putting it all together - fractions 


To multiply fractions, just multiply the 1 1 = Ay 

~*~ numerators together to get the new numerator; 1 x L = 7x3 ae 6 
multiply the denominators to get the new 9 3 2 * 
denominator. 


To divide fractions, just cross multiply. So 
: multiply the first numerator by the second 
denominator to get the numerator solution. Then eens 1 x 2 2 
multiply the first denominator by the second = 
numerator to get the solution for the denominator. 


To add fractions, you first need to make sure _ 
the fractions have a common denominator. After y + —_ 
ar that, just add the numerators and keep the “ 71 


common denominator. 


To subtract fractions, you first need to make 

a sure the fractions have a common denominator. ¥ = ‘i 
After that, just subtract the numerators and keep 
the common denominator. \ 


To convert improper fractions, do the 


division. Just divide the numerator by the 1 , 
denominator. Whatever 1s left over as the 3 >9 3 a 1 9 over 

: : ‘ x 
remainder is the numerator for the final fraction. ove 


To reduce fractions, divide both the 
numerator and the denominator by the same 
factor until they have no factors left in common. 
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Work through the different type of fraction problems, and reduce all of your answers! 


cw Foy this operation, 


1 5 Lo You ¢an ad ieee Cee 
15 4+12=24+5+4+2 — the whol add up ata! 
eg 37 feachiong MMPers and then the ar: 

a ee 

94 ~3 foes? 
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Exercise 
Solution 5 i an Fe or this fo) 
1y+1p=24+542 


and then the £, 
Multiples of 3: 3, 6,9, 12, 15, 18, 21, 24 





actions. 


Work through the different type of fraction problems, and reduce all of your answers! 


or 2k 229 
tata ? 


Peration, you ta First, convert 17 
add up the whole eee the fraction. 


Then, Cross ix 1 19 








Multiples of 7: 7, 14,21, 28, 35,42 sc a oe 
The same! 
1 7 7 5 3 _ 15 iplear tere ahs atic rete muaie ee wrasaheus Dieisieiel sie Siege ss Sa Oe See Sere aaa \ ies sighs, Somes Giese 
a7 or Tos al Or; you tan wee Wy rig 
shes tiddanah oa. dtih ance enens seiumaneiads S.cattat aunt toaraad te Cooncadead cetiprotal and mulUlP 7z=1—~ 
141,18 _ 52 he Fraction oO ae ne eRe ee oe OR Ae er aoe 
a + = € moved to vision to 
2, Ot 22 a Do the divisio 
Ss rates Pe sara Sies CS talon cadie Sib arash oarate sca cance Siete yan waar acs Proper fraction. ae the fraction. 7 119 ie 17 
PAs oil, ge neiga, Paneer, “4 Vote eae ats 
21 21 reduce this fraction, but since No remainder 49 
ve =. sl it’s so élose the denominator, because the answer - 
you tan — that it’s just one is a whole number. 49 
and one le t over. 0 
For thi . 72. 8 =? 
1 1 Is operation, . ‘ 
24, a : Convert the first Rae my mas Fomvert the 
Bi ce imProper, then subtract an Or 54 Fraction 
ee eeu aaaeace i ee 
eM AR Bea hats ane las Race ed BAP ha Hs Spee a ear haa 
Multiples of 4: 4, 8,12) 16, 20, 24 multiply or... 77 S75 56 to be Lehaed 
Multiples of 3:3,6,9,09) 15,1821 
CPO Gea gs et 378 _§-3-D2-7 
Sais Se OE7 1 ere 
21, 3 _ 63 LAA 27 
q*%37 7 aX4= 4 
eae comet j pidtateieehaeiineamccteceritete: sah cnet A lass ae hy cial A asia 
needs tobe 19 ~ 17 19 ree 
converted to make proper: 4)27 
ae eal ginlieeienaiietiesduiesteteee. deubeiilor ast oul: her Ea seneoen Np Gee 
4 see 24 
Fraction. 1 2)59 = 4 12 3 
Aeeta tates ne Gein? DART ORCC TUT TE ANE: RTE A ee 
11 


508 appendix ii 


Download at WoweBook.Com 


pre-algebra rev 














Can I just say, I am so over fractions. 
Is there a way to just convert them to 

decimals? Then I can just deal with them 
that way. 


YES! You can convert fractions to decimals. 


Now that you have the skills to reduce fractions and change their 
denominators, you’re ready to find out how to convert decimals to fractions 
and back again. And since decimals and percentages are pretty much the 
same thing, you can convert to percentages, too. 





Converting from a fraction to a decimal 


Converting from a fraction to a decimal is actually very simple. You just do the division. 
We know from converting improper fractions that the line in the middle of the fraction just 
means division. We also know, from decimal division, that you can add as many zeros as you 
need after the decimal to finish the division. If you put those together, you can convert fractions 
to decimals. 


Write the 
fraction 


2 Do the 


8 ae 
vision a eee Keep adding 


Yov'\\ nate 62 zeros until 
*e ae iwte_8) 5.000 < the division 
set gis — 48 finishes 
20 
—16 
40 That’s it! 


= 0.625 


oolen 
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convert fractions to decimals with division 


Converting decimals to fractions 


The key to converting decimals to fractions is the decimal places themselves. Remember that 
0.1 is one tenth? As in, one over ten. So, to convert a decimal, just drop the decimal, put the 
numerals of the decimal in the numerator, and then put a one and the number of zeros for the 
decimal (like, 1000 for thousandths) in the denominator. 


Write the Wc. 
decimal a Just Says 
™édns ae it 
0.625 Put the Poi, ri much as 
number is the Make the aces 
decimal in the denominator Reduce 
numerator 10, 100, 1000, the 
depending fraction 
629 upon the place 


Cs 629 625 125 _ 


__1000 1000 ~ 200 > 





Ginee the decimal was 
625 Lhousandths, the 


denominator is |OOO. 20 = 3) We Just div; ded 
AO 8 " 2a Couple 
times, 


Conversions everywhere 


Just to sum up—you also know how to get from the decimal to a percentage and back again. This 
means that which form you use to do any given problem 1s really up to you. Different forms are 
good for different things, and you'll learn that through experience. 


Move the decimal 2. places 


Do the division to the right and add the % 
Fraction Decimal Percent 
Write out the place as a Move the decimal 2. places to 
fraction and reduce the left and drop the % 
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& harpen your pencil 
IN 


Practice converting fractions to decimals. 





330 Yo = 
30 25078 BT 
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sharpen solution 


@Sharpen your pencil 
IN Solution Practice converting fractions to decimals. 





0.4125 


16 )13 0000 UO1L9 


“fe -128 ( 
20 Carr do 
Just divide the numerator — _ |b the ah eeas 


nominator 
by the de 32 
B 
- 80 
=O. 


330 = 0.132. 
250 250 )33000 
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Division by Zero doesn’t work 


There’s a special case with division: division by zero doesn’t work (and since fractions are 
just division, it’s a fraction problem, too). Mathematically speaking, division by zero 
is undefined. To understand division by zero, it’s best to start off with division by a few 
numbers close to zero. If you move to smaller and smaller numbers, a disturbing trend 
starts appear. 


This is just 
re—wrl Len using, 
regular fraction 


ales y 







go iyi of |O 


oe © deiaee 


This is smaller: 2 = —5-. += 20) 
4 


5 _ 5, 100 
Really small 1 = 1 
\ 100 


The closer you get to dividing by zero, the bigger the answer gets. 
If 1/100 gets you 500, imagine 1/1000 or 1/1,000,000! As you 
get closer and closer to zero, you get closer and closer to infinity. 
You just can’t divide by zero—there’s no answer. 





pre-algebra review 





Division by 0 d 
is undefined 9 
That means 
that there is 


no answer. 
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exponents mean multiplication 


Sometimes multiplication takes forever! 


What if you wanted to write out an expansion of multiplying the same number over and 
over again? Say you send a chain letter to two people, who then also send it to two people. 
How many people would get it by the third day? 


That sounds like multiplication... 


Those People send it 
Wo each (399; 
So then times 3 


The original two aN 


€ 1, ; 

; ; a his is how man 
2°-2-2=8 people get it ete 
third day. 











Then, they send it 
Wo People each 
(that Gives ie 

times 2). 


Is there a shorter way? 


Seems like there should be an easier way to write this thing out. It’s pretty easy to mess 
up how many 2’s get written, and you're just writing the same thing over and over again. 
That’s why we have exponents. An exponent is a notation above a number that means 
“multiply the base by itself this many times.” 


sons ave 
If we rewrite the equation we wrote before with an exponent, it would look like this: These ee 
s 
exactly the ath 
This is the {indy pst wt ee 
: : exponent, 3, ee otau 
This number is Called ) ex? 


the “base.” It’s the ~ 8 
number that gets ~ 


siltipheds cae 


iB R AWN 

PQWER 
Now that you have an idea of how exponents work, how many people will have the chain letter 
on Day 4? How about on Day 5? 
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How quickly things spread... 


We've figured out what happens to the chain letter on the third day. What if we wanted 
to know about the 4th day, or the 10th day? It’d be helpful to generalize the equation. 


We know that each person who gets the letter will send it on to two people—that won’t 
change. What does change is how many days have passed, which is the exponent. 


Day 1: Day 2: Day 3: Day 4: 


2 letters... 2% 2= 4 letters 


Pe eas fa 
=—_— 


oa. ar aa 


wae 
/ a Camryn > —~ 


aside 4 Zo 


2* 22 = 8 letters 2% 2%2%2= 


pre-algebra review 


16 letters 


i start 
with one Monita ¢ _—— e 
letter == 
* Beth Y 
Lisa yer Vinny ee 
SS gad a Nick 7 —~ 
Vite 
Since each person sends the letter to two other The Panaeld is I People get th 
people, our base is two. Each day is basically C (4E of days)- on day 4” € video 
> is > 4 _ 
how many 2’s we have—that’s our exponent. 2* = 2-2-2-2= 16 ee 


The base 's ai 


ban it up 


Exponent -A superstript notation that indicates 
multiplication of the base that many times. 
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Sharpen your pencil 


harpen your pencil 
en 
Just because this is a fraction, 


| don't worry — just write it out 
The 9 is multiplied C like you do Poe hele numbers. 
S times: Ne 






Simplify some exponents. Make sure to write out the whole 
expanded expression first. You're probably going to need a 
calculator for some of these. 














Remember, with 






Negative numbers dont Fraction multiplication, 
change anything ee, you just go straight 
aust write them out an across. 






think about it! \; 







Arts and crafts: 





If you want to see a real life example of 
exponents in action, go grab a piece of 
paper. Fold it in half. The stack is now two 
sheets thick, right? Nothing exciting yet... 








Then fold it in half again, and now it’s four 
sheets thick. One more time - now it’s eight 
sheets thick. 


How would you express this as a base and 
an exponent so that if someone told you 

how many times they folded it you’d know 
how many sheets thick the stack was? 
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Why does all this matter? 


Now you’re ready to tackle Algebra. And Algebra is the beginning of the good stuff. You wouldn’t 
believe the problems we’ve got to solve. 


Jack and Kate duke 
it out over math t0 
oct to Australia. 








Help Jo find ovt all 


about cae sie and 
‘or mn. 


how to pay 






Now, let's learn Algebra. 


| and Amanda use 
hee bo Figure out the 


details of a voad HR. Kathleen masters 


the art of fantasy 
football, while 
staying, under her 
salary Cay: 
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sharpen solution 


harpen your pencil 
Si Maton 


The 9 is multiplied 
5 Limes: 


5° = 5+5+5+5+5 = 3215 (4) =2.421 
2D A 







Simplify some exponents. Make sure to write out the whole 
expanded expression first. You're probably going to need a 
calculator for some of these 










2 


You need to use the caleulator, 
or You Can do it by hand: 
6 %5=25,259%9=129, ete. 









With integer multiplication, 
an odd number . 
negatives keeps it negative: 


1°=1-1-1-1-1-1=1 (—3)° =- 3 -— 3 -— 3 =- 27 


Just another expression of se 7) 
identity property of one = 


one to any exponent is still one. 







Paper folding is an example i The exponent is the 


. ° s a : 
of exponents in action. a YA 2 number of times we 
fold the Pare” 








oO POINTS 


= Exponents are shorthand for = The exponent is how many times 
repetitive multiplication. the base is multiplied. 

m_ The base is the number that gets 
multiplied. 
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> (greater than) 204 

= (greater than or equal) 204 
< (less than) 204 

< (less than or equal) 204 


A 


absolute value 463-464, 467 
absolute value equations 453 
Addie podcasts project 112-140 


addition 
decimals 472 
fractions 495, 506 
integers 459 
order of operations 78 
Algebra Toolbox 
associative property 109 
Binomial squared 321 
Binomials with different signs 321 
Cartesian Plane 200 
commutative property 109 
discriminant 375 
distributive property 109 
exponential terms 140 
FOIL 321 
functions 
evaluating 419 
finding domain 419 
finding range 419 
piecewise 419 
solving for zeroes 419 
greater than (>) 237 
greater than or equal (=) 237 


+k 


a 
Index 


less than (<) 237 
less than or equal (s) 237 
order of operations 109 
point-slope form 200 
quadratic equations, factoring 374 
quadratic formula 375 
shapes on graphs 375 
slope-intercept form 200 
standard form 200 
system of equations 285 
Zero Product Rule 321 
associative property 85-86, 94, 105 
defined 86 
division 91 
subtraction 91 
Watch it! 89 
axis 151, 162 


axis of symmetry 360 


B 


Bake your fractions 491-492 


bases 117 
exponents with different bases 123, 127-128 
exponents with same base 119 
binomials 287-306 
defined 291 
difference of two squares 298 
distributive property 292-294 
simplifying binomials with 293 
FOIL 301-302 
multiplication 294, 302 
simplifying expressions 295-306 
square pattern 298-300 
with different signs 299-300 


boundary point 219 
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Bullet Points variables 16, 32, 109 
2 linear equations with 2 unknowns 285 vertex 367, 375 
absolute value 463 vertical line test 405 
associative property 91, 109 Zero Product Rule 315, 321 
base 140 buying a car project 422-448 
binomials 294 calculating interest 429-433 
multiplication 302 calculating monthly payment 430-433 


calculating interest 433 depreciation 436 


commutative property 91, 109 domain 425 


constants 64, 109 range 425 
distributive property 109 

elimination method 268, 285 C 

exponents 140, 518 

factoring 315, 321 calculators 454 


FOIL 302, 321, 333 
fractions 492 
graphing 162 


car, buying (see buying a car project) 
Cartesian Plane 159-160, 162, 200 
; . inequalities 237 

hing funct 398 

Sane a ordered pair 160 


checking your work 22, 23, 28 


inequalities, Cartesian Plane 237 
infinite number of solutions 248 


integers 458 complex equations 51—52 
interest equation 433 quadratic formula 353 
in terms of 64 common denominators 495 


intersection of lines 257 common factors 315 


. : 1 
averse opetahOHs 10:5 commutative property 85, 90-91, 94, 105 


defined 90 


division 91 


isolate the variable 16 
isolating variables 72 
linear equations 200, 248 
number lines 220, 237, 458 
ordered pairs 162 


subtraction 91 


comparisons 204, 206 


order of operations 53, 72, 109 complex equations 35-72 
parabolas 367, 375 checking your work 51-52 
piecewise functions 408 constants 64 
problem’s context 248 equal, keeping equation 43 
quadratic equations 333 isolating variables 43 
range 398 multi-variable equations 58 
slopes 200 in terms of 61 
solving for unknowns 32 proportional relationship 62 
standard form 333 replacing words with numbers 41 
substitution 257 starting with what you know 37 
system of equations 257 variables appearing multiple times 48 
terms 53, 72 whole numbers 45 
unknowns 16 Console Pricing Up Close 6 
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constants 64, 72, 101-102 difference of two squares 298 
constraints on functions 394 discriminant 349-350, 366-367 
context 245, 248 Discriminant Exposed 350 
context of the problem 66 distributive property 97—98, 105 
counting numbers 468-469 binomials 292-294 


im lifyin binomials with 293 
l sump g 
crossword puzzles (Acton 308 


FOIL 302 


division 


Binomialcross 319 
solution 320 
Equationcross 31 


solution 33 associative property 91 


Exponentcross 134 by one 501 
solution 139 by zero 513 
Functioncross 418 commutative property 91 
solution 420 decimals 476-477 
Graphcross 193 fractions 486, 506 
solution 198 integers 460 
Inequalitycross 235 negative numbers 211-213 
solution 236 order of operations 78 


Multicross 69 


division sign 18, 23 
solution 71 


Propertserose 107 domains 382, 391, 398 
eGhiean. 108 buying a car project 425 
Quadraticcross 373 
solution 376 E 
Systemcross 283 


schiieu: O84 Edward’s Lawn Mowing project 142-200 


Wrapupcross 447 Graph it! 157-158 
solution 448 slopes 166-179 
Elimination Construction 269-270 
DP elimination method 264—270, 285 
decimals 470-481 manipulating equations for elimination 266-267 
addition and subtraction 472 equality, preserving 14 
converting fractions from 510 equal, keeping equation 43 


converting from fractions 509 


division 476-47 7 exponents 11 5, 1 25 
multiplication 475 solution 116, 126 


Equation Construction 


repeating 478 math sentences 11 


terminating 478 solution 12 


depreciation 436 equations 


depreciation graph 439-440 absolute value 453 
complex (see complex equations) 
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equations (continued) 
determining if function 398 
expressed as functions 381 
general 102 
limits for 380-382 
linear 160-161 
manipulating 46 
math sentences 8 
multistep 43 
multi-variable 58 

in terms of 61 

point-slope equation 170, 172 
quadratic (see quadratic equations) 
relations, equations, and functions 393 
replacing words with numbers 41 
solving for two unknowns 251-252 
systems of (see systems of equations) 
treating functions like 405 
trends 149 
visual representation (see graphing) 
with a degree of 2 326 


equation solving skills 28-29 
equivalent fractions 496 
exponential terms 117, 140 


exponents 78, 111-140, 514-515 
fractional 133 
inverse 130, 133 
like terms 119, 123 
multiplication 118 
negative 123, 133, 450-451 
of 0 133 
of 1 133 
order of operations 123, 128 
roots 130 
versus multiplication 123 
with different bases 127-128 
with same base 119 


Exponents Up Close 115 
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factoring 307-322 
distributive property 308 
greatest common factor (GCF) 309 
quadratic equations 330-333 
versus quadratic formula 353 
Zero Product Rule 314, 315 


Factoring Exposed 310 
Factoring Up Close 331 

factor trees 503-504 

fantasy football project 202-238 
Fifteen Minute Mystery 


When shopping leads to relationship ruin! 273 


Solved 274-275, 279 
flipping inequality signs 212-214 
FOIL 301-302, 321 

distributive property 302 
fractional exponents 133 


fractions 470, 485-510 
adding and subtracting 495 
addition 506 
common denominators 495 
converting decimals to 510 
converting to decimals 509 
division 486, 506 
division by one 501 
equivalent 496 
factor trees 503-504 
greatest common factor 505 
improper 489-492, 494, 506 
least common multiple 497 
lowest common denominator 497 
multiplication 486, 506 
order of operations 81 
prime factorization 503-504 
reciprocals 493 
reducing 502, 505, 506 
subtraction 506 


Function Exposed 394 
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functions 377-420 
constraints 394 
determining if equation is function 398 
domain 382 
limits of 386 
domains 398 
equations expressed as 381 
graphing 395-398 
limits 397 
vertical line test 402-405 
inputs 381 
limits for equations 380-382 
minimum and maximum outputs 385 
ordered pairs 388 
piecewise defined function 407-408 
range 386, 398 
relations 391 
relations, equations, and functions 393 
solving for the zeroes of 405 
treating like equations 405 


Functions Way Up Close 387 


G 


gaming system project 2—34 
figuring cost 3 


LIVE subscription, solving for unknowns 13 


general equations 102 
graphing 141—200 
axis 151, 162 
Cartesian Plane 159-160, 162 
ordered pair 160 
defined 147 
functions 395-398 
limits 397 
vertical line test 402-405 
inequalities 225-228 
shaded regions 228 
intercept points 160 
intercepts 162 
linear equations 160-161 
lines 161, 169, 244 


ordered pairs 162 
plotting points on graph 147-148 
point-slope form 170-179, 182 
quadrants 159, 162 
quadratic equations 355-367 
parabolas 360-367 
slope-intercept form 181, 183 
slopes 166-179, 187 
horizontal line 179 
standard form 180, 182 
substitution as alternative 256-257 
table of values 162, 452 
trends 149, 151 
variables 151 
versus substitution 258 
Graph it! 157-158, 181-182 
depreciation graph 439-440 
punch equations 249-250 
greater than (>) 204 
greater than or equal (=) 204 


greatest common factor (GCF) 309, 505 


H 


Head First U project 324-376 
horizontal line, slope 179 


Hotel Cost Up Close 61 


I 


improper fractions 489-492, 494, 506 
index 130 


inequalities 201-238 
Cartesian Plane 237 
comparisons 204, 206 
flipping inequality signs 212-214 
graphing 225-228 
shaded regions 228 
negative number operations 210-214 
number lines 209, 211-212 
scale 220 


you are here » 


Download at WoweBook.Com 


the index 


523 


the index 


inequalities (continued) 
solution set 208, 214 
boundary point 219 
range of points 219 
substitution 224 
two variables 223 
visualizing solution set on number line 219-220 


Inequalities Up Close 205 
infinite number of solutions 244, 248, 280 
inputs in a function 381 


integers 456, 468 
addition and subtraction 459 
mixed 459 
multiplication and division 460 
zero 467 


intercept points 160 
interest 429-433 
in terms of 61-64 
inverse operations 15, 32 

order of operations 81 
Inverse Operations Exposed 16 
irrational numbers 468 


isolating variables 14, 29 
complex equations 43 


inverse operations 16 


K 


Kate’s Work Way Up Close 97 


L 


least common multiple 497 
less than (<) 204 

less than or equal (s) 204 

like terms 119, 123 

limits for equations 380-382 
linear equations 160-161, 248 


intersection of lines 251 
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multiple 247-248 

point-slope form 170-179, 182 
slope-intercept form 181, 183 
standard form 180, 182 


Linear Equations Up Close 182-183 
lines, graphing 161, 169 

slope of horizontal line 179 
lines, what lines represent 244 


lowest common denominator 497 


M 


manipulating equations 7, 46 
Math or No Math project 74-110 
binomials and factoring 288-322 
math sentences 8, 28 
replacing words with numbers 41 
minimum and maximum outputs of a function 385 
mixed integers 459 
multiplication 
binomials 294, 302 
decimals 475 
exponents 118 
fractions 486, 506 
integers 460 
negative numbers 211-213 
order of operations 78 


versus exponents 123 
zero 314 


multiplication sign 17, 23 
Multiplicative Identity Property of One 501 
multistep equations 43 


multi-variable equations 58 


in terms of 61 


N 


negative distance 329 


negative exponents 133, 450-451 
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negative number operations 210-214 
division 211-213 
multiplication 211-213 
negative numbers 456 
number line 457 
working with 457 
negative root 133 
negative square root 353 
New Year’s Eve project 240-286 


No Dumb Questions 

absolute value 467 
associative property 89 
binomials 294 

patterns 300 
checking your work 23 
combining terms 53 
common factors 315 
context of the problem 66 
determining if equation is function 398 
distributive property 98, 294 
domain of a function 398 
elimination method 265, 268 
exponents 

fractional 133 

inverse 133 

negative 123, 133 

of 0 133 

of 1 133 

order of operations 123 

with different bases 123 
exponents with different bases 128 
factoring 315 
fractions 81, 494 
functions 391 

relations 391 

treating like equations 405 
graphing 151, 265 

axis 151, 162 

Cartesian Plane 162 

intercepts 162 

quadrants 162 

variables 151 
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greatest common factor 505 
improper fractions 494 
inequalities 209 
flipping the inequality 214 
solution set 214 
interest equation 433 
inverse operations 81 
“less than” versus “less than or equal to” 209 
like terms 123 
monthly payment 433 
multiplication and division notation 23 
multiplication versus exponents 123 
negative square root 353 
number line 209, 220 
order of operations 46, 81, 89, 98 
parabolas 367 
parentheses 98 
percentages 481, 494 
point-slope equation 172 
quadratic equations 333 
quadratic formula 344, 353 
radical 133 
range and domains 391 
range of a function 398 
reducing fractions 505 
repeating decimals 478 
“right answer” versus “one way to get there” 53 
roots 81 
negative 133 
principle 133 
slopes 171, 172, 187 
substitution 23, 265 
system of equations 253 
order 262 
substitution 268 
substitution versus graphing 258 
table of values 162 
terminating decimals 478 
trends 151 
unknowns 7 
vertex 367 
zero 467 
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number lines 209, 211-212 
negative numbers 457 
scale 220 
visualizing solution set on 219-220 


number sets 468-469 


numeric operations 73-110 
constants 101-102 
order of operations (see order of operations) 
properties (see properties) 


O 


operations 
inverse 15 
negative number 210 
numeric (see numeric operations) 
order of (see order of operations) 
which to use 15 

ordered pairs 160, 162, 388 


order of operations 46, 53, 77—78, 81, 89, 94 
addition 78 
division 78 
exponents 78, 123, 128 
fractions 81 
inverse operations 81 
multiplication 78 
parentheses 78, 98 
roots 81 
subtraction 78 


Fr 


Pajama Death project 36-72 


breaking down costs 38 

functions 378-420 

profit and loss 54-57 
parabolas 360-367 

upside down 367 

working with 365 


parentheses 78, 98 
percentages 470, 481-484, 494 
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piecewise defined function 407-408 
plotting points on graph 147-148 
point-slope equation 170, 172 


point-slope form 170-179, 182, 200 
slope of 0 179 
Watch it! 172 


Point-Slope Way Up Close 170 
polynomials 291 
Pool Puzzle 317-318 


pre-algebra review 455-518 
absolute value 463-464 
common denominators 495 
converting decimals to fractions 510 
converting fractions to decimals 509 
counting numbers 468-469 
decimals 470-481 
division 476-477 
multiplication 475 
division by one 501 
division by zero 513 
equivalent fractions 496 
exponents 514-515 
factor trees 503-504 
fractions 470, 485-510 
adding and subtracting 495 
common denominators 495 
division 486 
equivalent 496 
improper 489-492, 494 
least common multiple 497 
lowest common denominator 497 
multiplication 486 
reciprocals 493 
reducing 502, 505 
greatest common factor 505 
integers 456 
addition and subtraction 459 
multiplication and division 460 
irrational numbers 468 
least common multiple 497 
lowest common denominator 497 


mixed integers 459 
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Multiplicative Identity Property of One 501 
negative numbers 456 
working with 457 
number sets 468-469 
percentages 470, 481-484, 494 
prime factorization 503-504 
real numbers 468-469 
repeating decimals 478 
terminating decimals 478 
whole numbers 468-469 


preserving equality 14 
prime factorization 503-504 
problems 

writing out verbally 5 
problem’s context 245, 248 


properties 85-104 
associative 85-86, 94 
defined 86 
Watch it! 89 
commutative 85, 90-91, 94 
defined 90 
distributive 97-98 
distributive property 
binomials 292-294 
Properties Exposed 93 


proportional relationship 62 


Q 


quadrants 159, 162 


quadratic equations 323-376 
defined 326 
discriminant 366-367 
factoring 330-333 
graphing 355-367 

parabolas 360-367 

negative distance 329 
standard form 330, 353 

quadratic formula 343-344, 353 
checking your work 353 
discriminant 349-350 


versus factoring 353 
Watch it! 344 


R 


radical 130, 133 
range 386, 391, 398 
buying a car project 425 
range of points 219 
real numbers 468-469 
reciprocals 493 
reducing fractions 502, 505, 506 
relations 388, 391 
relations, equations, and functions 393 
repeating decimals 478 
replacing words with numbers 41 
Revenue Construction 411—412 
“right answer” versus “one way to get there” 53 
roots 81, 130 
exponents 130 
index 130 
inverse 130 


negative 133 
principle 133 


Roots Up Close 130 


5 


scale 220 
shaded regions 228 
slope-intercept equation 181 
slope-intercept form 181, 183, 200 
slopes 166-179, 171, 172, 187 
equalling 0 179 
horizontal line 179 
point-slope form 170-179 
Watch it! 172 
solution set 208, 214 
boundary point 219 
range of points 219 
visualizing on number line 219-220 
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solving for unknowns 1, 4, 16, 28, 32 elimination method 264-270, 285 
Gaming System project manipulating equations for elimination 266-267 
LIVE subscription 13 infinite number of solutions 244, 280 
system of equations 251—252 linear equations, intersection of lines 251 
x 7 multiple linear equations 247—248 


order 262 

solving for two unknowns 251-252 

substitution 256-257, 268 

standard form 180, 182, 200 substitution versus graphing 258 
quadratic equations 330, 353 


square pattern 298-300 


square roots, negative 353 


System of Equations Exposed 271 
starting with what you know 37 


subscripts 170 


SupSHIMTOR 22, 20308 table of values 162, 452 


inequalities 224 nea aseale- 478 
system of equations 256-257, 268 pecans wuceis 


versus graphing 258 terms 53 
combining 53 
defined 62 


exponential 117 


subtraction 
associative property 91 


commutative property 91 : 
decimals 472 in terms of 61-64 


fractions 495, 506 like terms 119, 123 
integers 459 versus variables 62 


order of operations 78 trends 149, 151 
Sum it up U 
absolute value 464 


Associative Property 86 


; : unknowns, solving for 1, 4, 16, 28, 32 
binomials 291 


Commutative Property 90 \ ] 
elimination method 264—270 
exponents 915 variables 7, 32 


integers 456 appearing multiple times 48 


least common multiple 497 elimination method 266-268 
lowest common denominator 497 


Multiplicative Identity Property of One 501 
polynomials 291 

relations 388 

slope-intercept equation 181 

term 62 


graphing 151 

isolating (see isolating variables) 
multi-variable equations 58 
versus terms 62 


vertex 360-361, 367 


. ical li 402-4 
system of equations 239-286 Wenuee aciey ee 
2 linear equations with 2 unknowns 285 visual representation of equations (see graphing) 


different equation but same line 280 
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Watch it! zero 467 
associative property 89 division by 513 
limits of the domain 386 multiplication 314 
point-slope form 172 solving for 405 
quadratic formula 344 Zero Product Rule 314, 315 


whole numbers 45, 468-469 


xX 


x, solving for unknowns 7 
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